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THE PHYSIOLOGY OF REPRODUCTION 
IN MINK (MUSTELA VISON, SCHREB.) 
WITH SPECIAL REFERENCE TO 
DELAYED IMPLANTATION 


ARTUR HANSSON 


(Institute of Animal Breeding, Royal Agricultural College, Sweden.) 


PREFACE. 


The present treatise on the physiology of reproduction in mink, is the result 
of investigations carried out during the years 1939—1946. When the work was 
begun, the main object was to endeavour to elucidate the causes of the great 
variations in the length of gestation. However, it soon proved that to do this 
satisfactorily would call for investigations into the course of reproduction in 
its entirety. The work thus reached dimensions that had not been anticipated 
from the beginning. Although it has by no means been possible to solve all the 
far-reaching problems involved, it is my hope that, on the whole, the work will 


have added to the knowledge of reproduction in the mink and also have con- 


tributed to throwing light on some of the general problems of mammalian 


reproduction. 

The investigations have been greatly facilitated by Professor IvVAR JOHANS- 
son, Director of the Institute of Animal Breeding of the Royal Agricultural 
College, Sweden. Professor JOHANSSON introduced me to the subject and 
placed equipment and premises at my disposal; by taking part in innumerable 
liscussions on the subject, and by envincing a never-failing personal interest 
he has rendered me inestimable service. Professor ARON WESTERLUND, Direc- 
or of the Institute of Animal Physiology at the same College has also promoted 
my work by placing his time and great wealth of knowledge at my disposal. 
lor their great generosity | would express my gratitude. 

The writer has had the inestimable privilege of discussing with the late 


Professor Er1tk AGpunr, Director of the Histological Institution of the Uni- 


A. Z. 1947. Acta Zoologica 1947. Bd. XXVIII, 
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versity of Uppsala, the planning of the histological work, and of discussing 


with Professor AxEL WEstTMAN, Director of the Gyneacological Institution of 
the Caroline Hospital, Stockholm, some of the endocrinological problems, and 
with Professor Gert BONNIER, Director of the Animal Breeding Institute, 
Wiad, Eldtomta, some statistical problems. For these privileges I proffer my 
respectful thanks. 

In carrying out the work I have had several assistants. I would express my 
appreciation and gratitude especially to Mrs. ANNA LisA APELGREN for her 
extremely conscientious histological work, and to the agriculturists RUNE APEL- 
GREN, ALLAN FRO LIcH and GORAN NorBLAD, and to the veterinarian IVAR 
DYRENDAHL, for god cooperation in the experimental investigations, and to 
Mr. Atr Backuorr for his painstaking care of the experimental animals. 

| am also indebted to Mr. S. J. CHARLESTON, Reader in [english at the Uni- 
versity of Stockholm, for the devoted work he has expended on the translation 
of the Swedish manuscript into English. 

| would further express by unreserved thanks to the Swedish ur Breeders’ 
Association and especially to the members Messrs CLARENCE HAMMAR and 
ST1G SCHOLANDER for the comprehensive animal material and breeding records 
which were placed at my disposal and made the work possible. 

A. B. Leo, Halsingborg, and A. B. Pharmacia, Stockholm, placed all the 
hormones used for the endocrinological investigations at my disposal free of 
charge. For this great kindness I wish to express my unreserved thanks. 
to the Royal Swedish 


Further, I would express my respectful thanks 
Academy of Agriculture and to the Swedish Fur Breeders’ Association for 


financial support of the investigations. 
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THE PHYSIOLOGY OF REPRODUCTION IN MINK 


Introduction 

Earlier investigations within the genus “Mustela. 
Mink, Mustela vison, SCHREB. ‘ 
Weasel, _,, frenata, cicognani et nivalis 
Stoat, erminea, L. 
Ferret, putorius furo, L. 

Present investigations 

I. Material 
II. Methods . 
III. Analysis of breeding ine 

A. Material .. . 
B. Mating season 
habits 
D. Season of parturition 
E. Length of gestation 
General anatomical survey 
A. Arrangement of the fe ‘male sex organs 
C. Tuba uterina 
D. Uterus 
E. Placenta 


Ovulation 

A. Follicular development 

B. Influence of mating on ovulation 

C. re-mating ,, 
, Factors controlling the number of rupturing follicles 


Variations in the rate of mene development 
Delayed implantation 
A. of delayed impla intation 
~ ‘auses of delayed implantation according to earlier investigations 
bstem il factors in delayed implantation in mink 
Temperature 
2. Light. 
a. ‘Irradiation during anestrus 
b. Pe before and after mating 
Histological changes in the female sex organs correlated with the delayed 
implantation 
I. Ovary 
a. Development of the corpora lutea 
b. Size of the ovary during the sexual cycle 
2. Tuba uterina 
3. Uterus 
4. Vaginal contents 
Internal factors in del ayed implantation 
1. Administration of progesterone with and without ‘simultaneous administra- 
tion of small amounts of estrogen to mated, normal and ovariectomized 
females 
Administration ‘of estrogen to ‘normal mated females 
. Administration of gonadotropic substances of urine (PU) and blood serum 
(PMS) to normal mated females 
Discussions 
Factors affecting fertility 
A. Correlation between the number of ovulated and implanted eggs and the 
Bb. Breed, age, date of mating, length of gestation and genetic factors 
C. System of mating 
Summary 
References . 
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INTRODUCTION. 


The mink, Mustela vison, Scures., which belongs to the genus Mustela 
within the family Mustelidae, is found in the wild state chiefly in northern 
North America. According to TuUrrorD (1930a) about twenty geographical 
breeds can be distinguished there. Owing to the valuable fur of the mink and 

the relative ease with which animal can be held in captivity, it has been 
bred methodically in Canada since the beginning of this century. During the 
1920's breeding stocks were exported to several countries in Europe, including 
Sweden, in which country mink breeding spread so rapidly that, according to 
ial istics, at the time of the outbreak of the war in 1939, there 

7,232 animals, of which 32,624 were characterized as breeding stock. 

Of the large number of different wild breeds only a few have been of any 

importance for the production of the farm bred mink. As KinG (1942) pointed 


out, at the present time only two main breeds can be distinguished, viz. the 


\laska or Yukon mink and the Quebec or astern mink. The former is larger, 


arker in colour, has a sexual season which begins later, and is also somewhat 


prolific than the Quebec mink. 
soon proved from the breeding of mink in captivity that the reproduction 


1 has certain remarkable features, chiefly in respect of the mating 
f ring the period of about one month 
allow several copulations, without any 
gestation shows very great variations, 
which is unparalleled a1 g other domesticated animals. There seemed to be 
no satisfactory explanation, based on scientific research, of these pecularities. 
Theretore during the year 1939 statistical and experimental investigations 
were begun, in an endeavour to elucidate these pecularities. It soon proved, 
however, that it was not possible, with any prospects of success, to isolate the 
ovulation and gestation problems from those of the other phases of reproduc 
tion. ‘rom the year 1940 the work was therefore directed on the study of the 
whole course of reproduction. Owing to the fact that the mink has only a 
relatively short annual sexual season, these investigations have naturally 
extended over a very long period, as appears from the fact that not until 1946 
had they been carried far that the writer found it advisable to publish the 
results in their entirety. As in certain cases the investigations led to results of 
importance for the practical breeding of mink, it was considered urgently 
desirable to bring them to the notice of mink breeders. This was done in the 
form of preliminary communications (HANSSON 1940, 1942, 1943, 1944). 
On account of the comprehensiveness of the subject, the introductory dis- 
cussion of the literature is confined to investigations carried out on the mink 


and other species within the genus Mustela. 
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EARLIER INVESTIGATIONS WITHIN THE GENUS 
MUSTELA. 


As some other species within the genus Mustela exhibit certain peculiar 


reproduction features in common with the mink, this survey comprises all the 


species that have been studied. In an endeavour to render the presentation 
clearer, each species has been dealt with separately, special importance being 


attached to the reproduction of the mink. 


MINK, MUSTELA VISON, Scures. 


The reproduction conditions of the mink in the wild state are not fully 
known. Irom observations made by American and Canadian trappers, it has, 
however, been possible to obtain a general picture, even though, quite obviously, 
this is none too reliable. According to unanimous statements by TUFFrorD 
(1930b), KELLER (1937) and HoGpson (1937), in the wild state the mink 
lives a typical hermit life. The male and female meet only during the mating 
season, which falls in February—March. The typical cooing sound which is 
often heard during this period, is considered to be a means of facili 
meeting of the two sexes. As soon as copulation has taken place, 
female becomes pregnant, the male usually deserts her. The female 
for a burrow, preferably near a water-course, where she arranges her nest 
and brings forth her young, of which she is said to take excellent care. At 
the age of about two months the cubs have developed so far that they can fend 
for themselves, and therefore family life generally comes to an end. 

When methodical breeding with captured mink was begun, interest was 
stimulated, and the possibilities of gaining a knowledge of the reproduction of 
mink increased. This increased interest has shown itself chiefly in several 
popular articles on the mating season and the length of gestation of the mink. 

Analysis of breeding data have shown (JOHANSSON 1940) that the mating 
season of the Quebec mink is generally the month of March, while that of the 
Alaska mink occurs about a week later. During the mating season the female 


intervals between them. 


as a rule allows several copulations, with very varying 
Jonuansson found that generally there was a tendency for the second copula 
tion to take place, either one or two days after the first one, or after an interval 
of 8 days. This tendency was interpreted by ENDERS (1940) to mean that the 
female’s follicles generally grow in waves at intervals of 8 days. As a result 
of studies of the vaginal secretion, ENDERs also considered that he could prove 
cyclic changes which confirmed this theory of alternating growth of follicles 
which has been thought to show that the female mink has several estrous cycles 


during one and the same mating season. 
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n practical mink breeding it has been found that the length of mating is 
very varied. KELLER (1937) states that short copulations are particularly usual 
during the beginning of the breeding season, owing to lack of sexual activity 
in the males at that time. KELLER considers that these short copulations are 
very uncertain, and therefore recommends fresh matings in such cases. On the 
other hand he considers that, during the end of the mating season, the copula- 
tions are often exceptionally long. 

The ovulation conditions in mink have been discussed by several workers. 
KELLER (1937) considers that ovulation may possibly take place at varying 


intervals after the mating, for if the time between mating and ovulation varies 


up to 30 days, it would be possible to explain in that way the great variations 
] 
i 


in the length of gestation. BAHLCKE (1944) advanced a very remarkable ovula- 
tion theory, according to which ovulation is spontaneous and only takes place 
once during the mating season. During ovulation, he thinks, the eggs are not 
discharged at the same time, but at certain intervals. The interval between 
the first and last ovulated egg might be 8 days or more. BAHLCKE considers 
that such an ovulation mechanism explains a case in which a female gave birth 
to young at intervals of 8 days. ENDERS (1938, 1939 a, b, 1940, 1941 a, b) is 
the only worker who has attempted to elucidate the ovulation of the mink by 
means of experimental investigations. Unfortunately his results are presented 
in such a popular form that, in several cases, it is difficult to judge of their 
value. In one case ENpDERs found in the tuba of a female which had been mated 
52 hours before the autopsy, three unicellular eggs. As they had no corona 
radiata, ENDERS estimated their age to be about 16 hours. ‘rom this it would 
follow that ovulation took place 36 hours after the copulation. In another case 
I-NDERS ligatured off the tuba of a female after she had mated and found that, 
nevertheless, she produced one cub. In view of the interval between the mating 
and ligaturing, ENpErs concluded that the ovulation had taken place 42—52 
hours after the copulation. In order to investigate whether the ovulation was 
dependent on the mating or not, ENpeERs isolated a number of females from 
the mating season. In no case did these females ovulate. Thus, as 

judged, ENpErRs’s results seem to indicate that the ovulation of 

le mink is dependent on mating. 

In practical mink breeding, the experience was gained at an early stage that 
the length of gestation varied greatly. On the basis of breeding data which they 
have collected, several research workers have endeavoured to discover the range 
of the variations and to analyse their causes (PRELL 1930, KELLER 1937, 
FUNKE 1939, ENDERS 1939 b, 1940, JOHANSSON 1940, APELGREN 1941, Bow- 
NESS 1942, BAHLCKE 1944, PEARSON and ENDERS 1944 and STEVENSON 1945). 
KELLER gives 39—72 days as the variation limits of the length of gestation 
in mink. FUNKE found a variation from 43 to 63 days, JOHANSSON 41—68 


davs and Bowness 39—76 days. 
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An extremely interesting observation was made by FuNKE (1939), BowNEss 
(1942) and PEARSON and ENpERs (1944), cf. Hansson (1943). They found 
a tendency towards a shortening of the length of gestation if the mating took 
place late in the season. No explanation has been found of this phenomenon. 

With the guidance of the conditions found in roe-deer (BiscHorr 1854, 
RetTzrus 1900 and KerBpeL 1902) and in the badger (Fries 1880), PRELL 
(1930) considered that the variation in the length of gestation in mink may be 
ascribed to a period of rest, “‘Vortragezeit”’, in the fertilized egg before implan- 
tation. The length of this period of rest is said to vary and to be the direct 
cause of the great variation in the total length of gestation. As an alternative 
to this hypothesis, KELLER (1937) advanced the suggestion that the interval 
between mating and ovulation shows very great variation, or from some hours 
to 30—35 days. It is then assumed that the sperms have a corresponding length 
of hfe in the female genital organ. 

From this survey it emerges that our knowledge of the reproduction in mink 
is very fragmentary. We are unacquainted with the anatomy of the sexual or- 
gans and the changes in these organs during the sexual cycle. Further, the 
ovulation conditions are not known, from which it follows that we cannot arrive 
at any conclusion as to the causes of the great variations in the length of the 


gestation period. 


WEASEL, MUSTELA FRENATA, CICOGNANI ET NIVALIS. 


WriGut (1942a), who studied the long-tailed and short-tailed American 
weasel, Mustela frenata et cicognani, found a variation in the length of gesta- 


tion, after mating during February—March, of 25—72 days, with an average 
5 5 wo 5 


of 47 days. Though his material certainly comprised only 12 gestations, this 


fact is of great interest, as it indicates that the length of gestation in weasels, 
after mating in February—March, shows variations similar to those in mink. 
WRIGHT states that, on an average, implantation takes place 21 days after 
mating. In another investigation WricHt (1942b) was also able to prove the 
occurrence of unimplanted blastulae in the uteri of American weasels mated in 
June to July and killed during the autumn and winter months. According to 
this investigation, implantation does not take place until the month of [ebruary. 
This means that, after mating during the summer estrus, the weasel has a 
greatly delayed implantation, in complete conformity with what is the case with 
the stoat cf. WatTzKA (1940) and DEANESLY (1943). 

DEANESLY (1944), however, was unable to prove any delayed implantation 
in the European weasel, Mustela nivalis. The gestation period for this species 
was considered to be 6 weeks. Certain signs indicated, too, that ovulation was 


dependent on mating. 
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STOAT, MUSTELA ERMINEA, L. 


According to WatzKa (1940) and DEANESLY (1943), the stoat has two 
sexual seasons per vear, in March and in June—July. During the estrus in 
March pregnancy occurs less frequently but in the cases where it does take 
place the gestation period is about 8—g weeks, according to WaATzKA, and 6 
weeks according to DEAnesLy. Both state that in that case the corpora lutea 
develop normally after ovulation. During the summer estrus the majority of 
the females become pregnant. After ovulation the eggs are fertilized, and 
cleavage continues during the passage of the eggs to the uterus. After they 
have arrived there, development is very greatly retarded. No implantation takes 
place, but the eggs which gradually attain the blastula stage, lie quite free in 
the horns of the uterus. This so-called “free vesicle stage” (HAMLETT 1935 
continues up to the months of February—March when the embryonic devel 
opment proceeds at a normal rate up to the time of partus in April—May. Ac 
cording to Watzka, the total length of gestation is 8—g months in the cas 
of mating during the summer estrus, and according to DEANESLY 9—10 months, 
thus 240—300 days longer than gestation after mating during the winter estrus. 

Watzka found that, after mating during the summer estrus the corpora lutea 


1 


did not develop normally, but were small during the free vesicle stage and onl\ 
> 3 


attained full development in connection with implantation. On this point 


DEANESLY was able completely to verify WatTzkKA’s results. These observations 


indicate that there is a relation probably of an endocrinous nature, between the 
development of the corpora lutea and the delayed implantation. 

A serious objection can be raised against Watzka’s and DEANESLY’s in 
vestigations. As the animals were killed in the wild state and subsequently 
examined there is no check as to the time of the mating. There is therefore 
reason to ask how it was possible to decide whether a female which was found 
to be pregnant in the months of I‘ebruary—March had mated during the sum- 


mer or winter estrus. As the results reached by WatzKa and DEANESLY are ot 


extreme interest, it would be desirable to have them verified by investigations 


in which the mating of the animals was carefully checked. 


MUSTELA PUTORIUS FURO, L. 


The ferret is an animal which has often been employed for investigations on 
sexual physiology and therefore several specialized works are available. Thes« 
works have not been included in this general survey but are discussed in 
connection with the present writer’s investigations. 


ROBINSON (1918), who made an excellent study of the histology of the ovary 


in ferrets, was able to prove that oogenesis did not cease with the cessation ot 
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the growth of the ovary. With this the earlier conception that no oogenesis 
occurred during the adult stage was thus refuted. 

MARSHALL (1904) showed that the ferret has a clearly defined sexual season, 
with a mating season in March—April and partus in May. He found that if 
the females were mated, ovulation and impregnation took place, and pregnancy 
followed in the usual course. If the females were not mated, estrus continued 
up to 6 weeks and no ovulation took place. In view of this, MARSHALL assumed 
that the ovulation of the ferret was conditioned by the mating. This has 
subsequently been confirmed by Ropinson (1918), HAMMOND and MARSHALL 
(1930) and HamMonp and Watton (19344, b). The latter closely investigated 
the question of the interval between mating and ovulation and found it to be 


3 
capable of fertilization. For this purpose a number of females were mated with 


about 30 hours. They also studied how long after ovulation the eggs were 


vasectomized males, and then, at warying intervals from this sterile copulation, 


they were mated with a fertile male. The first mating led to ovulation, and the 
5 


‘ggs were fertilized at the second mating. In table 1 are presented the results 


of this investigation. If it is assumed that ovulation takes place 30 hours after 
the sterile mating and that the sperms reach the tuba within 6 hours after the 
fertile mating, in the majority of cases the eggs are still capable of fertilization 
18—24 hours after ovulation. With further increasing age of the ovulated eggs, 
the capacity for fertilization rapidly declines, and at the age of 42 hours no egg 
fertilized and developed into a foetus. The eggs of the ferret appear, however, 
to preserve their capacity for fertilization for a longer period after ovulation 
than do those of mice and rabbits, cf. LonG (1912), HAMMOND (1934), MYERs, 


YounG and Dempsry (1936). 


Table 1. Influence of the interval between sterile and fertile matings on fertility 


in ferrets, according to Hammond and Walton (1934 a). 


Interval between sterile and fertile matings 
in hours 


18 | 30—36 | 42—48 


Number of females 
| Number of pregnant females 
Mean size of litter 


Mean number of cubs per female . . My 3.2 3-4 0.4 fe) 


In cases of mating with vasectomized males HAMMOND and MARSHALI 
(1930) found that pseudopregnancy followed, the duration of which almost 
corresponded to the normal length of gestation. The latter was very constant 
for the 25 pregnancies investigated and averaged 42 days, see table 9. 

The Russian steppe polecat, Mustela putorius eversmanni, Less., which is 


closely allied to the ferret, has been studied in respect of reproduction by 
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SCHMIDT (1932). He states that the length of gestation is very constant, 36—37 
days. He points out as a peculiarity that if the female loses her young immediat- 
ely after partus, she exhibits estrus again and permits mating. Seven such 


females had a second litter after a second mating. 


This survey of earlier investigations into the reproduction of various species 
within the genus Mustela shows systematic differences between them. The 
female mink has one mating period a year, but the length of the gestation period 
shows great variations. The weasel and the stoat have one mating season in 
February to March and one in June to July. As regards weasels, the length 
of the gestation period after mating in Iebruary—March shows a variation 
corresponding to that of the mink, while, as regards the stoat, conditions in 
this respect are not known. In the case of gestation after mating in June 
July, delayed implantation occurs in both species. Like the mink, the ferret 
has only one mating season a year, but, in contrast to what is the case with 


mink, the length of gestation is very constant. 


PRESENT INVESTIGATIONS. 


From several points of view, experimental investigations on mink are much 
more difficult than corresponding investigations on, e. g., rabbits, guinea-pigs, 
mice and rats. One of the reasons is that the mink is difficult to handle, for it 
is very shy, while at the same time it is also savage. To catch a mink it 1s there- 
fore necessary to be provided with special equipment and protective gloves of 
stout leather. These none too favourable characteristics of the mink as an 
experimental animal can be overcome if experienced keepers are available, 


who have great skill in handling the animals. On the other hand, the fact that, 


owing to the great value of the fur, the mink is a costly experimental animal 


isag 


greater drawback. As the quality of the fur is at its best during November 

January, and as the mating season does not occur until the month of March the 
killing of an animal during and after the mating season means a considerable 
financial sacrifice for the owner. For this reason it 1s necessary to keep the 
number of animals used within reasonable limits. This is rendered more dif- 
ficult, however, by the mink’s third and most serious drawback as an ex- 
perimental object in the case of studies of sexual physiology, viz., the short 
mating season which occurs only once a year. The investigations have to be 
concentrated within this period, and when, as is often the case, the results 
obtained in one investigation yield impulses for further studies, these cannot 
be undertaken until the following year. Therefore such studies of the mink 
are necessarily very protracted, especially as it is necessary to economise with 


the animal material. 


10 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


In an endeavour both to limit the number of animals used and to speed up 
the investigations, the latter were carried out in stages. To this end, one-year 
exploratory investigations were carried out on a small scale and on the basis 
of the results reached more comprehensive investigations were made in the 
following year, and as a rule were supplemented in the third and fourth years. 
In spite of this procedure, not until 1946 had the work progressed so far that a 
collocation of the investigations in their entirety could be made. 

Thanks to the courtesy of the Swedish Fur Breeders’ Association, the main 
part of the experimental investigation work was carried out at their experi- 
mental farm. Some of the investigations were also made at A. B. Mink, Lido 
Sateri, Gradd6, and at A. B. Stenkulla Fur Ranches, Osmo. 

The histological work, which covered a considerable field, was carried out at 
the Institute of Animal Breeding of the Royal Agricultural College. Thanks to 
the courtesy of the Director of the Animal Breeding Institute, Wiad, Eldtomta, 
the statistical work was carried out with the help of the mechanical equipment 


at the institute. 


MATERIAL. 


The experimental animals were obtained, partly through the Swedish [ur 
Breeders’ Association from its members, and partly from A. B. Mink, Lido 
Sateri, Gradd6, and A. B. Stenkulla Fur Ranches, Osmo. The animals were in 
a very Satisfactory condition, and as a rule of good quality. rom all points of 
view they may be considered representative of the breeding stock of mink in 
Sweden, and that such animals were made available must be ascribed chiefly 
to the understanding shown by the mink breeders for these studies. 

Of the two breeds, the Quebec mink was more abundantly represented than 
the Alaska mink. In view of differences of various kinds, the two breeds have 
been dealt with separately in certain investigations. 

A general survey of the range of the experimental material and its distri 


bution over different sets of investigations is given in table 2, in which have 


Table 2. Range of the material and its distribution over different studies. 


Number of females 
Studies of 
Autopsied |Not autopsied Total 


Ovulation 

Rate of embryonic development 

Female sex organs during anestrus, proestrus 
Irradiation 


Internal secretion 


II 
54 o4 
so 80 
58 - 53 
12 70 52 
Total 255 173 428 
II 
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been included all the animals used in the experiments. Their number was 
subsequently reduced owing to certain animals having died or having refused 


or having been excluded for other reasons. 


METHODS. 


Owing to the varied nature of the work, only the general investigation 


methods will be described here. 
during the 


As emerges from table 2, autopsies were made on 255 animals 
course of the work. To kill them, in the majority of cases an electric trap was 


employed, through which an 27 volts could be passed. 


alternating current of 127 
The interesting observation was then made that pregnant females exhibited 
greater powers of resistance than did the non-pregnant ones. This tendency 


] 


was so general that some special caus a number of cases 


‘must be assumed. In 


] 


the animals were put to deat gases led from a producer gas motor to a 


box in which the animals were placed. Both methods were satisfactory. 


Owing to the great value of the fur and the method of skinning, the animals 
were always skinned before the sexual organs could be taken out and nan 
The skin was taken off, however, within the course of a few minutes after the 
animal’s death, and therefore this circumstance did not affect the aieeiiels 
any extent worth mentioning. 
histological work all the fixing was carried out in abundant quan 
organs had been taken 


The sectioning was done after they had been embedded in 
staining was effected with hemalum, 
MAYER, 


tities of 10 alin solution, immediately after the 
out and prepared 

paraffin. In the great majority of cases, 
the best results being obtained with acid hemalum according to P. 
lor contrast staining, sometimes eosin and sometimes ery 
Possibly the 
structures appeared somewhat more clearly after eosin staining. In cer 
HEIDENHAIN’s modified MALLoryY’s 


(RoMEIS 1932). 
throsin was employed, and both gave similar results on the whole. 
plasma 
tain cases Azan staining, according to 
1932), was used in special studies of the general structur: 


rethod (RoMEIS 
the ovary, tuba and uterus. Especially in the case of the interstitial glandular 
of the ovary and the granulosa tissues in follicles and corpora lutea, the 


tissue 
often had an unfavourable effect on the 


nordant in this method of staining 
material. The vaginal smear was always stained with acid hemalum and eosin. 
eggs and embryos, the organs wer 

HENZELEIT’S 


In the case of ot 


transferred into a wax vessel filled with the so called Kress 
solution. This has the following composition per 
6.90 gm NaCl, 0.35 gm KCI, 0.28 gm CaCl,, 0.16 gm KH, 

in progress, the wax vessel 


Ne 
1,000 ml of gl 


water: 
MgSO, and 2.10 gm NaCO.,. While the work was 


| 
I2 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


Was kept at a constant temperature, of 37—38° C, by means of a thermo 
element. 

When it was necessary to investigate whether there were eggs in the tuba, 
it was not possible to rinse out the latter, owing to its minute diameter. Instead 
the tuba was taken out, prepared, and divided into 5—7 segments, which were 
then extremely cautiously massaged with an iris pincette, whereby the eggs were 


pressed out of the tuba. This method proved reliable even though it called for 


meticulous care. Non-implanted eggs or blastocytes in the uterus were obtained 


by means of cautiously rinsing out with Kress—HEeENzeLetIt’s solution. As a 
rule they were found in the first drops. 

Macro- and micro-photography were employed extensively in the em 
bryological work, the principle being followed that photographing should always 
take place as rapidly as possible, to avoid changes in the state of the object. 
When photographs of larger objects were taken, they were immersed in fluids, 
to avoid the disturbing effect which otherwise readily results on the refraction 
of the light in the border layer of the organ. On the other hand, photographs 
of eggs and blastulae were always taken in ‘‘hanging drops”. 

The statistical analysis was carried out in accordance with the methods given 
by FISHER (1932). In order to avoid repeated descriptions of the degree of 
significance in the case of different analyses, the probability that other causes 
than chance play a part are indicated by different numbers of asterisks. Thus 
when this probability is < 0.95, 0.95 0.99, 0.99 — 0.999 or > 0.999 this has 
been indicated by no, one (*), two (**) and three (***) asterisks respectively 


(cf. BONNIER and TEDIN 1940). 


HI. ANALYSIS OF BREEDING DATA. 


Breeding data from the two breeds Quebec and Alaska mink have been 
analysed from different points of view to supplement similar investigations 
made earlier and to obtain a general survey of the reproduction of the mink. 
Moreover, the statistical analyses were of great value when it was a question 
of planning the experimental investigations, and also when the results of these 


mvestigations were to be interpreted. 


MATERIAL. 


For several reasons, considerable difficulties were associated with obtaining 
a sufficiently large, reliable and uniform material for the statistical in 
vestigations. In the first place at the majority of mink farms, as is the case 
in the breeding of other animals, no records, or only incomplete records are 


kept about mating, littering, number of young, etc. In the second, the system 
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of mating employed greatly affects the breeding data. As a rule the females are 
tried with the male at the beginning of March, but the date when a start is 
made varies from farm to farm. Similarly varying systems are employed in 
the trials. In certain cases the females are tried every day, every other day, 
every third or sixth, seventh or eighth day, and an unlimited number of matings 
per female is allowed. In other cases the number of matings per female is 
limited. On one and the same farm the same mating system is not consistently 
followed as a rule, but it varies from year to year and from female to female 
during one and the same year. 

At A. B. Mink, Lido Sateri, where very extensive mink breeding was 
carried on earlier, a consistent mating system was employed, during the years 
1939—41, of testing the females every other day. In 1939 an unlimited number 
of matings per female was allowed, but during the years 1940—41 only four 
matings per female were allowed as a rule. The tests were begun at the end of 
February and continued till the end of March. Careful notes were made of 
the mating dates, the littering dates, the sizes of the litters and the sexes of the 
cubs. In 1939—41 a material was collected from this farm comprising 2,403 
females of the Quebec breed with 3,543 separate breeding years. As during these 
vears there was no shortage of food, this material can be paid to be fully nor- 
mal in all respects. 

t was not possible to obtain a corresponding material of Alaska mink from 
that period, as breeding with that breed was then very limited. During the war, 
however, it made great strides, and therefore it was considered desirable to 
obtain a comparison material of that breed. Before the 1945 breeding season, 
special appeals were therefore sent out to 14 selected farms where the Alaska mink 
was bred, to keep careful records of matings and litters. From 10 of them lists 


were recely ed 


giving the breeding data for 548 females. During the year 1944—45 

the feeding conditions had improved appreciably in comparison with the years 

1942—43, and this material can therefore be described as normal on the whole. 
These two materials form the basis for the following elaborations. The total 


Quebec material has been used in the study of the intervals between the matings 


and the frequency of matings. In studying the length of gestation this material 


could no longer be utilized in its entirety, for it cannot be determined with 
certainty which mating has resulted in fertilization if the female has been mated 
several times. Therefore, in these cases, only such females have been included 
as had produced cubs and had been mated once or twice, in the latter case with 
a maximum interval of two days. As appears from the experimental in 


] 


vestigations, these re-mated females are to be looked upon as mated once, as 
> 


the second mating does not affect the female’s estrus condition or ovulation. 
The number of breeding data among the Quebec material which satisfied these 
requirements was 697. The Alaska material was collected with the direct object 


of studying the length of gestation, and therefore the majority of the females, i.e. 


I4 
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494, satisfied the above requirements in respect of mating conditions. These 494 


Alaska females, as well as the 697 Quebec females, will be designated below as 


once mated” females, to distinguish them from the total Quebec material. 


B. MATING SEASON. 


Like other species of the Mustelidae family investigated (cf. MARSHALL 
1904, PRELL 1927, 1931, 1938, FISHER 1931, SCHMIDT 1932, WATZKA 1940, 
and WRIGHT 1942a), the mink 
has a distinctly defined mating 
season. When this period is ap- Quebec 
proaching an increasing liveliness 
can be observed in both males and 
females. Occasionally typical coo- 
ing calls begin to be heard, and 
females and males exhibit an ever 
greater interest in each other. 
This is the outward sign that the 
sexual phenomena have entered a 


more active phase. 


Percentage of matings 


In order to show the time and 
length of the mating season among 
the two breeds, the distributions 


of the dates of mating have been 


inserted in ; fig Ss 
inserted in a diagram (fig. 1). A 
appears from it, the mating season Date of mating 

of the Quebec females occurs eat Fig. 1. Seasonal variation of the matings of 6097 
lier than that of the Alaska  once-mated Quebec and 494 once-mated Alaska 
females. 
females, the average mating date 
being, for the Quebec material, the 12th March and, for the Alaska material, the 
19th of March. If one compares the variance in the date of mating between and 


-13,320.288 | 


within breeds a mean square ratio of it 


* is found. That means 
25.462 


that the difference in the position of the mating season cannot be due to 
chance, but must be due to certain causes. As in the wild state the Alaska breed 
lives in considerably more northerly latitudes than the Quebec breed, the differ 
ences in the dates of the mating seasons are probably due to a genetic adaptation 
to the climate of the wild populations. From this point of view the two breeds 
form two ecotypes (cf. TURESSON 1925). 

If the diagram is studied more closely, it is found that the Quebec females’ 
mating season is longer than that of the Alaska females. This emerges also 


from the standard deviation of the mating dates, which, for the Quebec 


I5 
6 
| 
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5.24, and for the Alaska material, 4.74 days. If the mean 
dates of mating within the two breeds are compared a ratio of 


found, which seems to indicate that the difference in 


standard deviations between the two breeds is due to certain biological causes. 
There may be many reasons for this difference. In the first place it must be 
assumed that the temperature or the radiation of the sun, or both, determine 
the beginning of the mating season, different females coming in estrus at 
different times, owing to the fact that their sexual functions differ in sensitivity 
to changes in temperature and light. If the Quebec breed is more heterogeneous 
in this respect than the Alaska breed, this may be the explanation of the 
differing lengths of the mating season. This is not necessarily the case, how 
ever, for as both the rise in temperature and the radiation of the sun are 
greatly accelerated during the months of February and March, with the same 
variation in respect of the sensitiveness of the sexual functions to rises in 
temperature and to sunshine in the two breeds, the threshhold values for the 


different females will be passed more rapidly if the mating season occurs late 


than if it occurs early, and consequently the Alaska females’ mating season 
be shorter than that of the Quebec fet 

the mean temperature during the month of March varied very greatly 

during the years 1939—41, the once-mated Quebec females have been classified 

the year of mating, for the purpose of investigating the influence 

time of the mating season. The mean temperature figure 

March in the different years was calculated on the basis 

‘mation from the Meteorological Institute’s station at Vaddo, 9 kilo 

meters north of the Lido Mink Farm, where the temperature was observed at 

8 a.m. and at g p. m. The mean figures for the dates of mating and the tem 


Table 3. Influence of the temperature during March on the mean date of matings 


; Number of Temperature Mean of the 
Year 
females in March mating dates 


lle 


Mch. 10 


12 


perature during the three years is shown in table 3. As emerges from this 


females were mated on an average two days earlier than in 


e, in 1939 the 
four days earlier than in the unusually cold year 1940. A higher 


tabl 
1941 and 
temperature before and during the mating season thus leads to an earlier onset 
of the estrus. This factor in the case of mink tallies with the result found by 


Jouansson and Hansson (1940) for the silver fox. 


10 
material, is 
squares ot th 
499 
2/4392 
1.21*(*) 1s 
22.079 
/ 
194 
1939 189 0.8 
211 
1941 297 4.8 = 
10 
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A distribution of the same material according to the ages of the females 
showed that the mating season began two days earlier for the older females 


than for the one-year-old ones. 


MATING HABITS. 


The prelude to copulation resembles a chase, which at times becomes some- 


what violent, and ends by the male seizing the female with one bite by the 


Fig. 2. The sex organs of the mink male during the mating season. (1.2 X.) 


scruff of the neck. He holds her thus, while with his hinder extremities he 
grips the hind quarters of the female. During actual copulation the male 
assumes a typical S-shaped position, as does also the female to a certain extent. 
The act of copulation itself is often very protracted. In one case a period of 
14 % hours was recorded. It has therefore been considered that the male mink 
becomes stuck during the act of mating, as happens with dogs, foxes and 
wolves, owing to intumescent bodies resembling the bulbis glandis (cf. 
SCHMALTZ 1921). However, copulation can be interrupted at any time, and a 


> 


macroscopic scrutiny of the penis reveals no such intumescent bodies. In fig. 2 


are shown preparations of the sexual organs of a male which was killed 


during the mating season. The prepuce has been folded back, so that the penis 
shall be seen better. Its shape is conditioned by os penis, which ventrally has 


a depression running longitudinally, in which runs the urethra. In front, the 


A. Z. 1947 17 
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os penis bends round in a dorsal—caudal direction, which gives the penis its 
harpoon-like appearance. It has not been possible to determine whether this 
strange configuration is of any importance for mating. The sexual organs 
of the male mink have not been the subject of systematic investigations, but in 
their main features they appear to resemble the corresponding organs of fer- 


rets and weasels (cf. ALLANSON 1932 and HILL 1939). 


Table 4. Length of copulation. 


Length of copulation in minutes 


I20}121 15 


Number of matings 


Per cent 


During the experiments, careful records were kept of the length of the 
matings. This material, which derives from 227 matings, has been arranged in 
table 4 according to the length of copulation, from which it appears that the 
length of copulation varies very greatly, or from a few minutes to several 
hours. The average length for all the matings was 64 mins. In practical mink 
breeding, it is considered that the matings are longer towards the end of the 
season than at its beginning. To investigate this question the same material has 
been grouped in table 5 according to the dates of mating. As appears there is 
a very clear relation between the dates of mating and the length of copulation. 
This very interesting phenomenon must be due to a change in the emotional 


impulses of the animals, as a result of changes either in the estrous state of 


Table 5. Influence of date of mating on length of copulation. 


Date of mating in March 
Total 


IO 25| 20 


Number of matings 


Mean length of copulation in minutes 


the female or in the sex urge of the male or in both. As far as can be judged, 
the prolongation of copulation is not conditioned by a delayed ejaculation of thi 
male, for according to information from A. B. Mink, Lido, they used to interrupt 
lengthy copulations intentionally, without its having any effect on the fer- 
tilizing effect of the mating. Similarly, during the experiments copulation was 
deliberately interrupted in two cases, and in both cases examinations of the 
vaginal secretion revealed sperms. 

During one and the same mating season the female usually allows several 


matings. To illustrate this fact the total Quebec material from 1939, when the 


Id 


IA 
3° | | 15 1— | 

| 52 70 50 35 13 7 227 

31 22 15 6 3 
194 

59 60 58 32 18 | 227 

ke 58 62 82 114 64 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


females were allowed to mate an unlimited num- 
ber of times, has been arranged in fig. 3 accord- 
ing to the number of matings. As is seen, a 
number of females permitted up to 9 matings 
during the same season. The average number 
of matings for all the females was 2.94 per 
animal. Still more matings would probably have 


resulted if the females had been tried every day, 


Percentage of all females 


instead of every other day. The circumstance 


that during one and the same mating season 123456789 

the female permits several copulations indicates 

Fig. 3. Freauency distribution 

of number of matings in 981 

(GRANT 1934), may have several estrous cycles. Quebec females which wer 

the tried with males every other 
day during the mating season. 


that the mink, in common with e.g. sheep 


If such is the case, the interval between 
matings would tend to approach a certain value, 

which would then give the estrous interval. In order to investigate this, in 
table 6 have been collected, firstly all the intervals between the first and 


Table 6. Length of the interval between matings. 


Length of the interval between matings in days 


| 
| 7—&|Q— 10} 11 — 32} 13 — 14/1 §— 16|17— 18) 19- 


/ 


First mating intervals 
Number of intervals 


Per cent 


| All mating intervals 


Number of intervals |2,098| 456 | 388 | 634 5 d 35 


Per cent’. | 460) 100 8.5 59:0 . 0.8 0.4 


second matings, and secondly all the intervals from the whole of the Quebec 
material from Lido. As in this material the females were tried every other day, 
it has been grouped in two-day groups. As emerges from table 6, the interval 
centres round two values, viz., I—2 and 7—10 days. The first cumulation only 
indicates that the females often allow a second mating before ovulation has 
taken place after the preceding mating (cf. the experimental investigations). 
The other cumulation indicates that 7—10 days after a preceding mating the 
female has a more intensive estrus than immediately before and after. This 
centering of the mating intervals supports ENDER’s (1940) assumption that the 
female mink has several waves of follicular maturity, i.e. several estrous 
cycles, during one and the same mating season. The length of the cycles would 


then correspond to the interval of the greatest frequency i.e. 8—g9 days. 
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If the two distributions in table 6 are studied, it is found that in the total 
material when compared with the first mating interval, the second cumulation 
1s somewhat shifted towards the shorter mating intervals. This dissimilarity is 
lue to the fact that in the total material there are several intervals which have 
been preceded by another mating interval. If this earlier mating interval is 1—2 


lays, the foll 


ting interval should really not be reckoned as falling 
between the , but between the first and third matings. 
The distribution which is based only on the interval between the first and 
the second matings must tl : 


third matings 


be considered to give the truest picture of 


> preceding mating interval on the length 


ecaing mating anterval 


Length of the preceding mating interval in days 


14}15—1¢ 


is Shown the relation between the lengths of two successive mating 
As can be seen, the lengths of the second interval are decreasing as the 
nterval are increasing. The reason for this is that, as the 
‘ason for every femal f limited duration, after a lo 


ng mating inter 
be expected. Although the relation thus has a 


t interest for the elucidation of the 
reproducti firms the explanation given of the 
differenc: ibutions obtained from table 6. 


D. SEASON OF PARTURITION. 


shown the distribution of the dates of littering for the once- 

> and Alaska females. On an average, for the former, parturition 
occured on the 2nd, and for the latter on 7th May. As the difference in the 
date of mating was 7 days, this means that, in round numbers, the gestation 
period of the Alaska females was 2 days shorter than that of the Quebec 
females. If the sta 


ndard deviation of the dates of parturition are compared 


with the standard deviation of the dates of mating, the values 4.9 and 5.2 are 


found for the Quebec material and 4.4 and 4.7 for the Alaska material. Thus 
for both breeds the date of copulation shows a greater variation than the date 
rition. 


20 
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the variation in estrous activity in mink. 

j 
| the SiC 
1—2] 3—4] 5—6| 

Number of intervals 1,063) 1909] 3235 | 222 119 55 
Mean length of tl succeeding mat 

ing intervals in days 6.03 | 4.60 | 3.71 | 3.12] 2.75 | 2.61 2.16 1.85 
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ntervals. 
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LENGTH OF GESTATION. 


As is the case with the majority of 
biological phenomena, the length of 
gestation, too, shows a clear variation 
in all animals, due to chance or definite 
causes. The absolute magnitude of this 


variation is closely connected with the 


actual length of gestation, in that ani 
mals with long gestation periods ex- 
hibit a greater variation than animals 


with shorter gestation periods. As ap 


o 


peared from the introductory dis 


Percentage of parturitions 


cussion of the literature, the length 


of the gestation of the mink varies 


very greatly. In table 8 and fig. 5 


the gestations from the once-mated 


Quebec and Alaska females hav 3% 196 

‘ Date of parturition 

been inserted. Its average length in . 
Seasonal variation of parturition 
Quebec and 494 Alaska females 


the former is 51.33 days, with Aes 
51.3: 


a standard deviation of 5.42 days. 


The distribution exhibits a significant skewness, S 0.585**, and ex 
cess E—0.057*. The average length of the gestation of the Alaska females 
is 49.01 days, with a standard deviation of 4.18 days. In this case the skewness 
is less pronounced, S == —o.167**, but on the other hand the excess 1s greater, 


FE == 0.118**, The coefficient of variation is 0.1057 for the Quebec females and 


Table 8. Length and variation of the gestation period 


Length of the gestation period in days Total 
and 


39-42|43-46,47- 50/51-5 2/6 ) mean 


Quebec 
Number of gestations 
Per cent, (days) 
Alaska: 
Number of gestations 
Per cent, (days) 
otal: 
Number of gestations 


Per cent, (days) 


8 Quebec J 
J 
6 
| 
| | | { 
| 
ddd 
2 rt 4 
| 1} | | 
| | 
| | | 
| 
A 2 
16 109 223 133 O4 45 20 ( I 69 
2.3 | 15.6 32.0 | 20.3 | 13.4 6.4 2.9 0.9 O.I 51.3 
27 117 172 129 28 3 AOA 
6.5 23.0 34.0 20.1 1.0 0.0 49.0 
43 226 395 212 132 53 23 6 I 1191 
(3.6 | 19.0 | 33.2 | 26.2 | | 4.5 | 19] | OF 1150.3 
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0.0853 for the Alaska females. The re- 
sults as regards the length and varia- 
tion of gestation thus show complete 
conformity with those obtained earlier 
by KELLER (1937), FUNKE (1939), 
ENDERS (1940), JOHANSSON (1940), 
APELGREN (1941), BOWNESS (1942) 
and PEARSON and ENDERS (1944). 

In order to be able to judge the 
relative magnitude of the variations in 
mink as regards the length of gestation, 


material from other kinds of animals 


Percentage of gestations 


has been collected in table 9, the animals 
being arranged according to the mean 
length of gestation. If a comparison is 
made between the length and the varia- 


tion of the gestation period, it is found 


that they change in the same direction. 
50 60 70 = 

Length of gestation in days The coefficient of variation therefore 

g. Frequency distribution of the length has a fairly constant value for the 

of gestation for 697 once-mated Quebec 


majority of the animals. However, the 
females and 494 once-mated Alaska females. 


mare has a somewhat higher, and the 

sheep, silver fox and ferret a somewhat lower coefficient. The average length 

of gestation in mink varies from 49.1 to 51.3 days, i.e. a period corresponding 

to that of the silver fox. The standard deviation is, however, 5 or 6 times as 

great. If the coefficients of variation are compared, it 1s found that in mink 

is about three times as great as that of the mare and four to six times as 

those of the f animals. Thus this comparison shows 

he gestation period of the mink exhibits enormous variation in comparison 

with that of other domestic animals, and therefore there is reason to expect 
that special conditions assert themselves in the case of the mink. 

[t is customary to speak of a normal and an abnormal variation in the length 

of gestation. By the former is then meant, firstly random variation, and se- 

condly non-random variation which is due to normal causes, such as the number 


of foetuses, their sex, and the season. On the other hand, by abnormal varia- 


tion is meant the premature or delayed birth due to external influences, under- 


nourishment, infections of various kinds, such as contagious abortions or 
pathological defects in the foetuses. In many cases it is difficult or impossible 
to draw a sharp border-line between normal and abnormal variation. Only the 
normal variation according to the above definition will be dealt with below. 
Investigations by JoHaNnsson (1928), AXELSSON (1929), HINTERTHUR 


Quebec 
n 
8 M=51.33 
o= 5.42 
=-0.585 
6 
| E = Qos7 
| 
| | 
| 
2 | | | 
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n =494 
M=49%. 01 
o- At 
=-0.167 
6 E- 
| 
2 194 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


Table 9. Length and variation of gestation for different animals. 


»>station 
gesta- | andard | Coeff. 
length in cient of 


days ation | variation 


Animal and breed 


tions 


| | 

Horses: Light and heavy | | | 

Dreeds, @-foal .... . 7 334. | 0.0283|Uppenborn (1933) 


} 


Horses: Light and heavy | 
breeds, S-foal ...... 332.6 | 0.0287} (1933) 
Cattle: Swedish Red and | 
White cattle .......4. 219] 283. 5:76 | 0.0203|Johansson (1928) 
Cattle: Swedish Friesian 


Goats: Anglo-Nubian . . 50.9| 3.33 | 0.0221/Asdell (1929) 
| 


Sheep: Merino. ..... 49.0| 2. 0.0145|Sabatini (1908) 


Shropshire. ......| 3§0 2.29 » (1908) 


Swedish breeds 


| 486 | x 0.0188|Ryda (1945) 
| Pig: Large White Yorkshire} 1,423 “3 | ; 0.0210| Johansson (1938) 
| | 


Swedish Landrace . . .| 506 0.0130|Abjérnson (1936) 
Silver fox ... | a9 (1938) 
| fox ....... 2 | | 0.0203} (1945) 
5 | 0 | | 0 0081|Hammond and Marshall (1930) 
| 38) 31.1} 0.83 | 0.0267|Nachtsheim (1935) 
| Monk: Quebec... ... 50.8 Johansson (1940) 
| American breeds... . | ; Bowness (1942) 
o| | .1039|Pearson and Enders (1944) 


(1933) and Mavucu (1937) have proved that in horses, cattle, and possibly 
pigs, there is a tendency towards protraction, and in goats a tendency towards 
curtailment, of gestation with increasing age of the mother. It has not been 
possible to prove any such relation in the case of mink from the material which 
has been studied. 

Investigations by Hussy (1933) and HAMMoND (1934, 1936, 1937) proved 
that in pigs and rabbits there is a clear tendency towards a shortening of the 
gestation period with an increasing number of foetuses. Similar investigations 
on horses, cattle, sheep and goats by SABATINI (1908), JOHANSSON (1928), 
AXELSSON (1929), ASDELL (1929), HINTERTHUR (1933), UPPENBORN (1933), 
Mawucu (1937) and OrLovskli (1940) showed, firstly, that gestation is some- 


gestation 15 


what longer for male than for female foetuses, and secondly that 


shorter in the case of twin births than in that of a single birth. 


Authors 

| 

| 

| 

| 

| 

| 

| 

| 

—— 
18 | 0.0853). 
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Table 10. Influence of size of litter on length of gestation. 


Size of litter 


Number of 
length of 


Number of 


The relation between the number of young produced and the length of 
gestation in mink was studied on the basis of data for the once-mated Quebec 
and Alaska females. From table 10, where the results of this investigation have 
been collected, it emerges that there is a certain tendency, even though an 
irregular one, towards a shortening of gestation with an increasing number of 
young. The correlation between the two variables is 7 0.119** for th 


Quebec and r 0.084* for the Alaska females. 


The relation between the number of young born and 


has been le by several workers to be due to the 
foetuses in the uterus, the intrauterine pressure is increased, whereby 
is hastened. It does not appear probable, however, that thi 
the whole truth, for probably endocrine factors play 
ink the chief cause of the relation will probably be that 
between ovulation and implantation shows a great variation (cf. 
and as during that period the embryos have no intimate contact 
‘us mucosa, in the case of long gestations an increased intrauterine 
expected, which would lead to a negative correlation. 
ations by JOHANSSON (1928), AXELSSON (1929), HINTERTHUR 


(1933), UPPENBORN (1933), MAUCH (1937), ORLOVSKIi (1940) and SWECIN 


(1941) have proved that for mares, cows and goats there is a relation between 
the date of mating and the length of gestation. This relation is particularly 
ares but is more uncertain in cows and goats. These animals diffet 

: however, in respect of the sexual cycle, and the in 
fluence of the mating date which asserts itself in these animals is probably 
also conditioned by entirely different factors from those in the case of mink 
and the date of mating in mink 

’ tion has been analysed on the basis of the 
once-mated Quebec and Alaska females. In table 11 the material has been 
ling to the date of mating, and for each group 


ied into 4-day groups according 


t 
the gestation period has been computed. As appears fron 
figures, for the Quebec and Alaska females there is a very clear 


lation between the dates of mating and the lengths of gestation. 
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I—2 | 3—4 | 5—6 | 7—38 | 9—I10 
ot gestations 119 259 244 72 } 
Mean Oo t laye coc c 40 2 
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Alaska: WHS s 54 120 198 106 16 
Mean length of gestation in days 49.5 49.9 48.4 48.5 50.5 
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Table 11. Influence of date of mating on length of gestation. 


a Total 
Date 
of mating Number | Mean length Number | Mean length Number Mean length 
of females| of gestation jof females| of gestation |of females] of gestation 


Mch., 38 60.3 
54-7 
52.0 
49.4 
48.1 
46.4 
46.8 
46.0 


The two materials have, therefore, been pooled, and on the basis of the new 
average values a second degree curve has been fitted. This yields the function 
= 62.0 — 1.0846% + 0.018042", $$$ 


where y is the length of gestation * Total 
o = Quebec 
4=Alaska 


oa 
[=] 


and «# the mating date in March. 


l‘ig. 6 shows this curve with the 


wn 
uw 


averages inserted. As appears, the 


length of gestation decreases great- 


uw 
So 


ly when the date of mating is moved 
forward. At the beginning of the 


mating season the length of gesta- 
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tion decreases more rapidly than 


1Y3 20/3 

ning to the end of March gestation Date of mating 

Fig. 6. Relation between date of mating and 
length of gestation in 697 once-mated Quebec 
FUNKE 1939, BOWNESS 1942, PEAR- females and 404 once-mated Alaska females and 
in the total 1,191 females. 


+ 


towards the end. From the begin- 
is shortened by nearly 15 days (cf. 


son and ENDERS 1944). 

The significance of this covariation may also be shown by an analysis of 
variance of the Quebec material. (The Alaska material, which was collected 
from 10 different farms, was considered too heterogenous for such an ana 
lysis.) In order to eliminate the differential influence of the different years, 
the comparisons (table 12) are made within years. The order of magnitude 
of the mean square ratio proves the high significance of the correlation between 
dates of mating and lengths of gestation. The analysis shows also that the 


to 


part of the variance within years of the lengths of gestation, which 1s due 
differences in dates of mating may be estimated to be Or 39.97 


290.12 


per cent. The error mean square (17.51) gives a standard deviation of 4.18 


35 60.3 

5 53-9 123 54-7 

30 51.3 240 51.9 
138 51.5 345 50.2 
132 49.2 214 48.8 
120 47.0 147 40.9 
59 40.0 72 406.1 
10 45.1 12 45-3 

2 

= 
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Table 12. Analysis of variance of length of gestation. 


Degrees of} Sum of | Mean 


Source of variation 
; freedom squares | squares 


between) years 2 30.0 15.00 


Within years 694 20,211.1 29.12 
Between date of mating. .... 74 


Within date of mating (error) . 620 


Total 6906 


and a coefficient of variation of 0.0816. If the latter is compared with the 
corresponding coefficients in table 9, it is found that the variation in length 


ot gestation is stil 


several times greater than for other animals. Thus the date 
of mating is certainly the cause of a considerable part of the variation, but there 
must still be important causes of variations which cannot be disclosed by a 


tatectaral 
Stalistical analysis. 


CONCLUSIONS. 


Analysis of breeding data has shown, in full agreement with earlier in- 
vestigations by FUNKE (1939), ENDERS (1939, 1940), JOHANSSON (1940), 
APELGREN (1941), BowNEss (1942), BAHLCKE (1944), PEARSON and ENDERS 
(1944) and STEVENSON (1945), that the reproduction of mink has several 
strange features. Thus the time of the mating season is affected by the tem- 
perature before and during that period. Further there is a general trend in 
the length of the copulations in relation to dates of mating. During one and 
the same mating season, the females also allow several matings, and the inter- 


vals between these matings tend to centre round the values I—2 and 7—10 


days, thus indicating a cyclic estrous activity. 'urther, there is a very great 


variation in the length of gestation, the coefficient of variation being 3 to 6 
times as great as that for other kinds of farm animals. The date of mating has 
a very pronounced influence on the length of gestation. In fact, after mating in 
the beginning of March, the gestation period is nearly 15 days longer than after 
mating at the end of the same month. In spite of the great influence of the 


date of mating on the length of gestation, yet there must be special causes of 
variation in the length of gestation in the mink, which cannot be revealed by 


statistical analvsis of breeding data. 


20 
| Ratio of mean 
squares 
7.22 
| 17.51 
10,855.3 17.51 
20,241.1 29.08 
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IV. GENERAL ANATOMICAL SURVEY. 


[he anatomy and histology of the female sexual organs in mink have not 
been previously subjected to study. For this reason the material secured in 


connection with the experimental investigations of ovulation and embryonal 


development, supplemented with material collected during anestrus and _pro- 


estrus, was made the basis of an anatomical-histological study. In this section, 
however, only a general anatomical survey is presented. The changes in the 
sexual organs which are correlated with the sexual cycle are discussed in con- 
nection with ovulation and implantation. The nomenclature in this study has 
been brought into line with that employed by ALLEN, DANForTH and Dotsy 
(1939) and Maximow and Broom (1943). 


A. ARRANGEMENT OF THE FEMALE SEX ORGANS. 


In the abdominal cavity each uterine horn with its tuba lies in a long fold 
of the peritoneum, the ligamentum lata, which is completed cranially by the 
plica mesonephridica. The ligementum lata runs dorsally from the abdominal 
wall, somewhat laterally of the medial plane of the body, and is caudally, 
mainly dorso-ventrally, directed, but cranially it takes a more dorso-latero- 
ventral direction. The plica mesonephridica, which originally formed the liga- 
ment for the mesonephros, proceeds from the dorsal diaphragm region and 
runs, laterally to the kidney, to the hilus of the ovary, where some of the 
muscle fibres enter the medullary zone of the ovary, and others spread out into 
the bursa ovarii. From the hilus of the ovary this ligament continues to the 
uterine horn under the designation “ligamentum ovarii proprium‘. The latter 
is so short that the ovary is fixed in the immediate proximity of the utero- 
tubal junction (fig. 7 and 9). As a result the tuba in mink, as also in ferrets 
(MuRR 1935), has an extremely characteristic course (fig. 9). From the 
utero-tubal junction the tuba runs round the ventral surface of the ovary in 
the cranio-medio-caudal direction, and during its course forms 10—1I regular 
coils. The infundibulum thus comes to lie in the immediate proximity of—but 
medially to—the utero-tubal junction. In mink, too, the mesotubarium is 
divided, owing to the fact that the tuba does not lie in the marginal zone of 
the ligament but dorsally to it, into a mesotubarium inferius and a mesotubarium 
superius. In contrast to the state of things in mice (AGDUHR 1927), meso- 
tubarium superius also enters into the formation of the bursa ovarii. This 
ligament extends as a thin transparent membrane over the ventral side of the 


ovary (fig. 9). Dorsally to the tuba, the mesotubarium inferius, the mesovarium, 
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and the plica mesonephridica, form an irregularly cone-shaped continuation of 
the bursa ovarii. This formation is surrounded by large accumulations of 
subserous fat. These so-called corpora adiposa were considered by AGDUHR 
(1927) to be of importance as a protection for the ovaries. The correctness of 
this hypothesis cannot be confirmed, but it is significant that even very 
emaciated females still have well developed corpora adiposa, which indicates 
that these are not to be looked upon only as fat deposits. The ovarian pocket is 
not completely closed as in mice (Roprnson 1887, AGDUHR 1927), but, as is 
the case with ferrets (Rospinson 1918), with a fine style a connection can be 
shown, the ostium abdominale, between the bursa ovarii and the abdominal 
cavity. In some females it was not possible to prove such a connection, but in 
several of these cases secondary adhesions were met with at the same time 
between different parts of the ligamentum lata and between the latter and 
other ligaments in the abdominal cavity. This indicates that such adhesions may 
also have occurred in the ostium abdominale. 

The part of the ligamentum lata in which the corpus uteri and the cornua 
uteri lie, or the mesometrium, consists of two long membranes, which, in the 


corpus uteri and the cervix, start from the outer dorsal-lateral edge. 


B. OVARY. 


As a rule the ovary of the mink is bean-shaped and has a relatively smooth 
surface, even during the follicular and corpora lutea phases (fig. 10 and 11). 
The surface is covered with a simple cuboidal germinal epithelium. At the hilus 
of the ovary the germinal epithelium passes over at a marked border-line into 
the mesothelium of the peritoneum, the cells of which are squamous in character. 

Between the germinal epithelium and the underlying connective tissue, the 
tunica albuginea, there is no basement membrane. The tunica albuginea, which, 
with the exception of the hilus, forms a capsule of connective tissue round 
the ovary, consists of spindle-shaped cells and fibrils, which run mainly parallel 
with the surface of the ovary. At intervals strands from the albuginea bend 
inwards to become continuous with similar strands in the cortex. 


The medulla of the mink ovary is limited to the region of the hilus of the 


ovary, and its relative size is less than in the case of ferrets (ROBINSON I9I8), 


Figs. 7—II. 7. The female sex organs during the free vesicle stage. Note that the 
uterine horns were a little contracted at the moment of photographing. (1.0 X.) 8. The 
female sex organs during pregnancy. The female was autopsied 30 days after mating 
r. Implantation site containing a foetus which undergoes resorption. 2. Implantation sit 
containing a pair of identical twins, (1.0 X.) go. Bursa ovarii with tuba uterina and 
the proximity of the uterine horn (8.2 X.) 10. The ovary immediately before ovulation 
Note the follicles ready to ovulate. (8.2 X.) 11. The ovary immediately after ovula- 


tion. Note the ovulation ruptures. (8.2 X.) 
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Fig, 12. Section through the hilus of the ovary. Note the distinct border-line between the 
medulla and cortex. (Azan stained, greenfilter, 60 X.) 


the ovaries of which otherwise correspond closely to those of the mink. As is 
partly shown by fig. 12, the medulla consists of loose connective tissue and 
large contortuous blood vessels, lymph spaces and strands of smooth muscle 
fibres. During the active sexual period, pro-estrus to parturition, there is reason 
to characterize the medulla as a zona vasculosa, on account of the great devel- 
opment of the vascular system. Contrary to what is the case in the majority 
of the other animals studied, it is possible in the case of mink to speak of a 
marked borderline between the medulla and cortex. It is true that the connec- 
tive tissue, and the vessels and nerves in the cortex, form a continuation of 
corresponding structures in the medulla, but in the cortex still another tissue is 


met with, which dominates the microscopic picture, namely the interstitial 


glandular tissue. This tissue forms a sharp borderline between the cortex and 


medulla. If a section through the cortex is studied, it is found that it 1s divided, 
by connective tissue lamellae running in different directions, into a large 
number of irregularly shaped columns and nests, which give the ovary a 
strikingly labyrinthine appearance (fig. 13). As Rosrnson (1918) found in 
ferrets, primitive follicles generally lie in and close to the connective tissue 
lamellae, which bend into the cortex from the tunica albuginea. This is the case 
also with the vesicular follicles and corpora lutea, but in the case of the latter 
this topographical correlation is less obvious, owing to their greater diameter. 

The abundance of interstitial glandular tissue in the mink ovary indicates 
that it has a special task. HOLMSTROM (1920) states that this tissue is met 
with chiefly in “lower forms of mammals with non-periodical ovulation”. 
Maxtmow and BLoom (1943) say about this tissue: “It has not been possible 


to separate these tissues from other constituents of the ovary, and so no con- 
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Fig. 13. Section through the cortex of the ovary. Note the arrangement of the interstitial 
glandular tissue. (Hemalun-eosin stained, redfilter, 100 X.) 


vincing evidence has been obtained by methods of extraction or of implanta- 


tion”. The circumstance that in mink anestrus lasts from May to January, 


during which period no follicular growth beyond the vesicular stage takes 
place, indicates that during that period the interstitial glandular tissue may 
serve as a regulator in governing the sexual differentiation. With the object of 
throwing light on the origin of the interstitial glandular tissue, concerning 
which there is a great confusion of ideas, special studies of its histogenesis in 
mink have been begun, for which reason this interesting and important question 
will not be further dealt with in this work. 


TUBA UTERINA. 


Owing to its fixed position in relation to the ovary and cornua uteri and to 
the practically closed bursa ovarii, the tuba in mink never attains the same 
degree of differentiation as is the case in the majority of the animals studied. 
It is true that the infundibulum with its fimbria, the dilated ampulla and a 
narrower isthmus, which passes into the tubo-uterine junction, can be distin- 
guished, but the fimbriae in particular are very slightly developed. As WEst- 
MAN (1926) pointed out, there is probably a negative correlation between the 
development of the bursa ovarii and the development of the fimbriae. Animals 
with a well developed bursa ovarii, such as mink, mice, rats and dogs, have 
slightly developed fimbriae, while animals with slightly developed bursa ovarii, 


such as apes, cows, mares, sows, etc., have well developed fimbriae. 
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tuba varies in length from 10 to 15 mm and its external dia- 

is about 1.0 mm in the ampulla and 0.6 mm in the isthmus. In the cornua 

the tuba opens at the end of a papilla. At the junction there is also a 

definite smooth-muscle sphincter. In several respects the tubo-uterine junction 

in mink conforms closely to the corresponding formation in cats and hedgehogs 
(ANDERSEN 1928). 

‘nally the tuba is surrounded by the serosa and subserosa of ligamentum 

infundibulum and ampulla the subserosa attains considerable thick- 

tunica muscularis in mink also consists of two layers, namely an 

and an inner circular or spiral one. The longitudinal 

less discrete bundles round the tuba which connect up 

of muscle fibres from the mesotubarium. In different parts of 

a the two layers of tunica muscularis attain very different degrees of 

In the infundibulum and ampulla the longitudinal layer is very 

while the circular layer is extremely little developed. On the 

the isthmus, and especially towards the tubo-uterine junction, 


is very thick, while the longitudinal layer is strikingly little 


“9 


It appears probable that this dissimilar development of the two 


unica muscularis in different parts of the tuba is connected with 
itagonistic effect, and that this is one reason why the egg passes con- 


SS 


lv through the anterior part of the tuba than through the 


ucosa exhibits a striking picture in cross section. It is thrown up into 
longitudinal folds, ich, in the infundibulum and ampulla, have se- 
the cross-section a complex labyrinthine 

by interdigitating folds intercom 


central lumen. In the isthmus the mucosa 1s 


mural portion there are only a few slight folds. 


tapering uterine horns of the female mink fuse immediately in 
front of the cervix and form a rudimentary corpus (fig. 7). The cervix has a 
ircular muscular sphincter and the cervical canal opens into 


11 


vagina on a somewhat ly projecting papilla. The arrangement of the 


tissue-layers in the uterus of the female mink conforms in most 
conditions in other mammals. Thus the serosa and subserosa are 
the ligamentum lata, from which vessels, nerves and strands of 
‘un downwards and ramify into the cornua and corpus uteri. 
muscularis consists of a longitudinal and a circular layer. During 
2°, low folds and contains numerous uterine 


the mucosa forms four long 
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glands. At the transition to and inside the cervix itself, the mucosa 


folds are considerably lower, and the uterine glands occur only sparsely. 


PLACENTA. 


If the female is mated, and the eggs are fertilized and implanted, the 
typical changes connected with placentation which are found in all animals 
with a placenta vera, are also found in mink. The placenta of the mink almost 
conforms to the corresponding formation in the species of Mustelidae studied 
by STRAHL (1889 and 1906), STRAHL and BALLMAN (1915) and Rau (1925). 
The placentas of ferrets especially, which are described in detail by STRAHL 
and BALLMAN (1915), correspond very closely with the placentas of mink. 

In mink the placenta at first develops like a placenta zonaria, but the tropho- 
blast layer of the blastula forms no villi in the mesometrial region and only 
inappreciable villi in the central part of the antimesometrial region. The placenta 
therefore becomes discoidal in shape, and, as STRAHL (1906) suggested in the 
case of ferrets, in view of its original shape, there appears to be reason to 
characterize it as a placenta zonodiscoidalis. The remarkable extravasate ac- 
cumulations, which, according to STRAHL (1889), Biscnorr first proved in 
Putorius furo, are also met with in mink. They show themselves macroscopically 
when the implantation site is opened from the mesometrial side, first as a darker 
area in the central part of the antimesometrial region of the placenta. At this 
point of time the whole implantation site is fully the size of a pea. The area 


in the antimesometrial region gradually becomes increasingly dark in colour, 


and by degrees an aggregation of swellings is formed in its centre. At a certain 


point of time this aggregation consists of a clearly stalked and lighter forma- 
tion, hardly the size of a hemp seed, which is surrounded by smaller non-stalked 
and darker swellings in the allantochorion. The whole of this aggregation grad 
ually kecomes more homogeneous, at the same time as it increases in size and 
resembles a spleen in appearance. In fig. 14 is shown an opened implantation 
site at this point of time. The foetus in situ lies with its back turned to the 
extravasate accumulation or haematoma, but in order to obtain a better picture 


] ] 


it has been lifted up out of the placental cavity. As can be observed on the 


picture, the allantois stalk with the umbilical vessels enters the placenta in 
immediate proximity to the haematoma. 

As regards the formation of these haematomas, according to STRAHL (1889), 
BIsCHOFF assumed that they originated as a result of ruptures in the allantois 
vessels of the foetus in the antimesometrial region, and that these ruptures 
were due to the weak development of the villi of the ectoderm. STRAHL (1889) 
was able to prove, however, that the red blood corpuscles found in the extra 


isation were smaller and lacked the fragments of nuclei characteristic of 


A. Z. 1947 
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vened implantation site. Note the large spleen-like heamatom 11 

5, 15. Section through the placenta. In the upper part 
I In the lower part of the section a maternal vessel. Note the 
in erythrocytes and in the height of the endothelial cells. (Hemalun-eosi 
stained, redfilter, 600 X.) 


embryonal blood corpuscles. On the other hand, they were identical with the 
mother’s red blood corpuscles. In the mink placenta it is easy to distinguish 


] 


between the blood capillaries of the mother and those of the foetus, for in the 


former the endothelium is greatly thickened (fig. 15). If the erythrocytes in 


the mother’s capillaries are studied, it is found that, in the first place, they 


are considerably smaller than those of the embryo, and im the second, that their 


shape has been greatly influenced by the histological treatment, which is not 


the case with the erythrocytes of the foetus. The maternal erythrocytes are met 


with in the extravasate, and this confirms STRAHL’s observation that the 
haematomas arise Owing to ruptures in the maternal capillaries. 
ferent forms in dogs, 


Rau (1925) showed that these haematomas occur in dif 


cats, bears and ferrets. Their physiological purpose is still obscure, but the cir- 


cumstance that in dogs and cats the extravasates contain abundant haemoglobin, 
and in ferrets and mink haematoidin crystals, indicates that the haematomas 
may promote the supply of haemoglobin to the foetus. The trophoblast cells 
which coat the embryonal villi protruding into the extravasate also exhibit a 


conspicuous phagocytosis both in ferrets, (STRAHL 1889, 1906, STRAHL and 
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BALLMAN 1915) and in mink. In the latter these cells contain not only haema 
toidin crystals, but also maternal erythrocytes. The haematoma reaches its 
maximal development some time before parturition, to be almost entirely 
resorbed later. This indicates that the foetus becomes independent of the 
mother in respect of supplies of haemoglobin before parturition takes place. 

With regard to the structure of the placenta, reference should be made to 
STRAHL and BaLLMAN (1915), whose description of the placenta of ferrets 
also applies to that of the mink. 


OVULATION. 
A. FOLLICULAR DEVELOPMENT. 


The growth of the follicles bears such an intimate relation to the ovulation 
phenomena that it has been considered necessary to study the follicular devel 
opment in mink in connection with ovulation. On the other hand, it is outside 
the scope of this work to study the question of the germ plasm, and therefore 
reference should be made to Everett (1945), who gives an excellent review 
of the present position of the germ-cell problem as regards vertebrates. 

In earlier investigations, which were reviewed in detail by Ropinson (1918), 
it was mainly the structure of the follicles that was studied, but very seldom 
the progressive changes in follicular development. In the case of ferrets, how- 
ever, RoBinson (1918) has given an extremely detailed description of fol- 
licular growth during the vesicular stage, and BRAMBELL (1928), PARKES 
(1931), Pincus (1936), DEMPSEY (1937), Pincus and ENZMANN (1937), and 
Dawson and FrRIEDGOOD (1940), have given detailed descriptions of the re- 


lation between ovum growth and follicular growth in mice, guinea-pigs, rabbits 


and cats. With the exception of Roprnson and Parkes, they have also cor 
related the various morphological types of follicles with the corresponding 
ovum stages. 

The writer has made a corresponding analysis for mink. The method was 
as follows: after a careful study of follicular growth it was considered possible 
to divide the development from the primitive follicles—which consist of an 
ovum surrounded by disconnected flattened cells, to the full-grown follicles 
ready to ovulate—into nine different stages according to the following scheme : 

Stage 1. In the germinal epithelium, there can now and then be observed cells 
which are larger, less stainable, and consequently lighter than the other cells. 
Probably these cells are the progenitors of the primary oocytes (cf. Latta 
and PEDERSEN 1944, and Everett 1945). When these cells have migrated 
from the germinal epithelium they are found surrounded by a disconnected 


layer of flattened cells, which constitute the primitive capsule, and which are 
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the follicular epithelium. These primitive follicles generally 
ations in the tunica albuginea or in the strands of connective 

turn inwards into the cortex. 
is distinguished from the preceding one by the still 


orming a connected membrane round the egg 


Apart from a further growth of the egg, this stage 1s characterized 
by continued proliferation in the epithelial layer, which has led to the formation 
f a compact single layer of cubic epithelial cells round the egg (fig. 16). At 
the » time, outside this layer a differentiation can be established of the 
surrounding spindle-shaped cells, which is the prelude to the formation of 

theca layer. Even at this stage the occurrence of a definite basement mem- 
ne can be established between the inner layer of epithelium and the con- 
nective tissue capsule. At the same time an oolemma or zona pellucida begins 
» develop round the egg, which, as pointed out by Pincus and ENZMANN 
1937), appears to take place with the help of the surrounding epithelial cells, 
latter being attached to the oolemma by means of numerous protoplasmic 
structures. 
Stage 4. By continued cell proliferation in the epithelial layer a two-layered 
stratum has been formed (fig. 17). In the theca layer the differentiation has 


now consists ot a theca externa and a zona 


zona pellucida exhibits a further increase in 


protoplasmic strands, not only with 

also with the outer layer of cells. A very 

follicle can be observed. In the earlier 

were spherical in shape, but the majority of 
typical Ovol ] 

ilayered stratum 
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a special 
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rst shows itself, as Rospinson (1918), BRAMBELL (1928), Pincus (1936) 
and Pincus and EnzMann (1937) also found, in the poles of the follicle 
In the latter, small cystiform cavities appear between the epithelial 


gradually merge into larger units. These cavities are filled with 


lar fluid, through which run protoplasmic strands from the adjacent cell 
ries. Roprnson (1918) has proposed the designation “primary liquor 
’ for this fluid. Simultaneously with this differentiation in the granulosa 


r, the theca layer has definitely developed into two layers. The outer layer, 
the theca externa, consists of a dense connective tissue capsule of spindle- 
shaped cells and fibrils. The inner layer consists of loose connective tissue with 


nterspersed polygonal cells, which recall the cells in the interstitial glandular 
tissue and contorted blood vessels and lymph sinuses. 
Stage 7. Owing to a continued incretion of follicular fluid, the vacuoles in 


the granulosa tissue described in the preceding stage are united into a homo- 


g 
geneous antrum folliculi (fig. 19). Through the liquor folliculi run fine proto- 
plasmic strands, which form a network, in the meshes of which are sparse 
granulosa cells. Owing to the formation of antrum folliculi, the position of the 
egg is shifted from the centre of the follicle to its periphery. The granulosa 
tissue has been differentiated into a basal layer of cells, which coat the basement 
membrane and, inside the latter, a confused layer of cells. Similarly, round the 


egg, granulosa cells have arranged themselves in a concentric layer nearest the 
ley 1- 
(UO i 


ar layer of cells. With that the 
corona radiata has taken shape, but the germ hillock, the cumulus oophorus, 


emma, and outside the latter is an irregu 


or discus proligerus, is still unstalked. Owing to the incretion of follicular 


id, the follicle becomes distended an« 


1 thus more spherical in shape. 


During anestrus no normal vesicular follicles are met with, but they first 


make their appearance during pro-estrus and estrus. The formation of antrum 


folliculi will therefore probably be not only the prelude to the incretion of 


111 


liquor folliculi but will also mark the beginning of the incretion of estrogen. 
The beginning of the vesicular phase, which almost coincides with the cessation 
increase in the size of the egg, therefore appears to indicate a physio- 
logical change in the activity of the granulosa cells. 

Stage 8. In this stage, except for the release of the discus proligerus from 
the follicle wall, the granulosa layer attains its final shape. The layer which 
coats the basement membrane is columnar, with cell nuclei displaced towards 
the follicle vacuole, whereby a lighter zone appears against the basement mem- 
brane. Inside this layer there lies a confused layer of polygonal granulosa 

the egg the granulosa cells have been differentiated in the same 
way, whereby a very beautiful corona radiata has been formed (fig. 25). The 
cumulus oophorus is clearly stalked, and similar vacuoles begin to appear in 
the stalk, as was the case in the formation of the antrum folliculi. The liquor 


folliculi now has a uniform structure, which, according to Rogpinson (1918), 
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is due to the incretion of the follicular liquor having changed character. That 
this is the case has been shown by Smitn (1937), who found that the osmotic 
pressure is increased, RoBINSON calls this follicular fluid “secondary liquor 
folliculi”’. 

In the theca layer the externa has been further reinforced. The interna 
exhibits a very greatly developed vascular system, with strongly dilatated ves 
sels. Here and there in these vessels there appear ruptures, and in certain cases 
the blood breaks through the basement membrane and the granulosa layer and 
leaks out into the antrum folliculi. 

Stage 9. This stage begins immediately before ovulation and thus sees the 
fully developed follicle ready for ovulation (fig. 20). The stalk of the discus 
proligerus has disintegrated, and the egg, surrounded by the corona radiata and 
the outer confused granulosa layer, floats freely in the follicular liquor. The 
granulosa which coats the follicular wall exhibits increasing proliferative 
activity, with the result that it often has a wave-like appearance. This intensified 
cell division is, as far as can be judged, the prelude to the formation of the 
corpora lutea. In the theca layer three different zones can be distinguished, in 
that the theca interna now consists of an outer zone of loose connective tissue 
with polygonal cells interspersed in it, and an inner zone, which consists of a 
continuous layer of vessels nearest to the basement membrane. The ruptures 
in the vascular layer, through which blood leaks and penetrates into th 
basement membrane and the granulosa layer, are more usual in this stage than 
in the preceding one. 

From each of these stages were selected 20 follicles, in stages 8 and 9, how- 
ever, only 19 and 13 follicles respectively, in which the section passed through 
the centre of both the egg and the follicle. The longest and shortest axes of 
the follicle and egg respectively were then measured with an ocular-micrometer. 
In measuring the follicles the measurements were taken from the outer border 
line of the theca externa and in measuring the eggs from the outer margin 
of the zona pellucida. After that the product of the long and short axes and 
its square root were computed. The square root values may be considered the 
approximate meandiameter of the eggs and the follicles respectively. The 


results of these measurements are presented in table 13 and fig. 21 and 22. 


Table 13. Mean diameter of ovum and follicle in relation to stage of follicle 
development. 


Stage of follicle development 


7 8 


/ 


Number of follicles .... .| 2 2 2 2 20} 19 
Mean diameter of ovum in uw . | 21.3 |; 36.2 67.6; 80.1 90.0} 97.8 |100.0 
| | | } 


» follicle in 8 {117.0 |191.6 276.9 |532.9 |901.8 
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B. INFLUENCE OF MATING ON OVULATION. 


Most of the animals examined, including man, have spontaneous ovula 
tion, i.e. one which is independent of mating. According to HARTMAN 
(1939), in these cases mating appears to have no influence on the ovula 
tion time. As opposed to this ovulation mechanism, there is the one where 
mating is a pre-condition for ovulation. This non-spontaneous ovulation 
has been proved in the ferret, the rabbit and the cat, the ground squir 
rel and the European weasel, cf. MARSHALL (1904), HEAPE (1905), LONG 
LEY (1911), Foster (1934) and DEANESLY (1944). PEARSON (1944) found 
that the same condition prevailed in the case of the short-tailed shrew. 
In this case, however, ovulation is not elicited unless the female is mated about 
twenty times during the course of a few days. Further, ALLEN (1922) found 
that certain mice ovulated spontaneously, while others had nonspontaneous 
ovulation. On account of the great variation in the length of the gestation 
period, the ovulation conditions for mink are of special interest, for this varia 
tion is caused either by differences in the interval between mating and fer 
tilization (KELLER 1937), or by the lack of continuity in the embryonic devel 
opment (PRELL 1930). 

To throw light on the relation between ovulation and mating, autopsies were 


performed on 1. females in the estrus stage, 2. females which were isolated 


from males during the whole of the mating season, 3. females which were 
tried with males until they showed themselves willing to mate and were 
subsequently isolated from males during the remainder of the mating season, 
j}. females which were mated at different intervals before the autopsy, and 
5. females which had been ridden by a male but not mated. 

In order to ensure reliable control of the mating experiments, the vaginal 
smear was examined for sperms as soon as a female had been in close contact 
with a male. During the whole of the work more than 500 such controls wer: 
carried out. In no case was the keeper mistaken as to whether mating had taken 
place or not. 

As in the case of the ferret (ROBINSON 1918), so also in the case of the mink 
it is difficult to decide by ocular inspection whether ovulation has taken place, 
especially when the ovulation rupture has had time to heal somewhat. In order 
to decide definitely whether ovulation had taken place, all the ovaries were 
fixed and sectioned in series, three sections in every millimetre being mounted. 


In the cases where the females had been mated, the interval from the mating 


to the autopsy was calculated from the commencement of the act of mating 
(table 14). 


The four females which were autopsied during estrus, i.e. after they had 


shown readiness to mate, had not ovulated. Their ovaries contained numerous 
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Table 14. Influence of mating on ovulation. 


Interval 
between Ovu- 


mating an¢ 


wutopsy atio 
Date|Hour|Date|Hour | lation 


Mating itops 
No. of Mating Autopsy 


the female 


no 


. |Unmated, Autopsy in estrus 
ovulation 


5, 1940 
1944 
7+ 1944 
1944 


» 1940 ’ ” \Isolated from male. Autopsy at the 
fend of the mating season. 


I940 
, 1940 3 = ) Tested with male but not allowed 
eae. ito mate or play with the male. 
- ‘ se ‘Autopsy at the end of the mating 


, 1941 33 36,10! 
4 . | Autopsied 30 hours after more 


, 1941 3] 9; 3, 3/21.. 36,30' jovulating|{than one hour’s intimate sexual 
no ovu-||play with the male 

lation 
, 1940 | 15, 3} 6,30'| 15, 3|20, 14,10! Follicle growth activated 


1941 | 13, 3] 9,3 1, 3/22, 36,50' 


1944 ; ,30'| 12, 4] 7, 16,30 
1940 

1940 

1944 

, 1941 

1944 

1944 

1944 

, 1941 7, 3|10,10'| 8, 3}22,15'| 36,05 Ovulation immediately impending 
, 1941 , 3) 9,15'| 21, 3/21,45' 36,30’ |ovulated 
, 


Females Nos. Ds, De, Dz, Ds, Dio, Diz, Dis and D1s, 1941 which were autopsied 37—39 
hours after mating and females Nos. 4, 6 and 17, 1940 and 304, 300, 307 and 309, 1942 and 
400, 403, 409, 413, 415, 417, 418, 420, 425, 426, 427, 432, 433 and 434, 1944, which were 
autopsied 42—50 hours after mating had all ovulated. 


growing follicles. Only in a few cases were there follicles with stalked cumulus 
oophorus, and in no case had any follicle reached stage 8 as described in the 
preceding section—This absence of fully developed follicles in mink during 
estrus conforms entirely with what Roprnson (1918) found for ferrets——One 
female, No. 407, 1944, exhibited onsetting follicular atresia in some follicles. 
On the other hand, the other females did not exhibit any follicular atresia, 
contrary to what is the case with polyestrous animals, such as mice, rats, 


+ 


guinea-pigs, etc. 
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Fig. 23. Section through the wall of the follicle, showing theca interna luteinization 
I granulosa, 2 theca interna, 3 theca externa. (Hemalun-eosin stained, redfilter, 600 X.) 


The two females which were entirely isolated from males and the three 
females which were tried with males until they showed themselves ready to 
mate, and which were then isolated during the remainder of the mating season, 
had not ovulated. The ovaries of these females had a unique appearance. They 
contained numerous fully developed follicles, with eggs floating freely in 
liquor folliculi. In the vasculosa of the theca interna vessels had ruptured, and 
blood had seeped out into the antrum folliculi. The granulosa had proliferated, 
so that it was wavy in appearance. Another peculiar feature was that many 


follicles in which the antrum folliculi had not yet been formed, contained eggs 


S5 
of fully developed size. In both these follicles and in the former ones the eggs 
exhibited degenerative features. The oolemma had begun to shrivel, and in 
some cases fragmentation of the protoplasm could be observed. In the follicles 
where the antrum folliculi had not yet been formed, apart from changes in 
the egg, only changes in the granulosa could be found, vacuoles being met 
with in it, and the cell nuclei being small and strongly stainable. With the 
exception of the increase in the size of the eggs, the changes im these follicles 
completely corresponded to the obliteration atresia which KovAcs (1933) found 
in the primary follicles of dogs. In the above-described, fully developed follicles 
a regressive and a progressive process could be distinguished. Apart from the 


degeneration of the egg, the regressive process also involved the granulosa 


f 
ly 


layer. Especially towards the border-line of the antrum folliculi, cells with 
small, strongly stainable nuclei were met with, and in certain cases entirely 
free cell nuclei. The progressive process was met with in the theca interna, 
where the originally polygonal cells had proliferated and formed so-called theca 
lutein cells, which appeared completely to correspond to the cells in the in- 
terstitial glandular tissue to which they certainly belong (fig. 23). On account 


of the proliferation in the theca interna, the granulosa layer of the follicles 
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had penetrated into the 


1] 


antrum folliculi. These follicles seem to correspond in 
all respects to the cystic 


’ follicles observed in ferrets by Roptnson (1918), and 
which Pincus and EnzMann (1937) found in rabbits, KovAcs (1933) in 
and GREULICH (1934) in cats. 

circumstance that the females autopsied during estrus and after the 

+ season had not ovulated indicates that ovulation is dependent 

the purpose of studying this interplay more closely autopsies 

ff intervals after the matings. 

Two females, which were psied 14 and 17 hours respectively afte: 

lati ibited strongly activated follicular growth. In the most devel 

cumulus oophorus was stalked, and ruptures in the blood 

ies of the theca interna had begun to appear. The liquor folliculi had 

its character and corresponded to the secondary liquor follicul: 

1 by Ropinson (1918). As Smitu (1937) showed, this change implies 

reatly increased osmotic pressure. The fact that follicular growth is so 

activated after mating indicates that the nerval stimulation which 

copulation exercises on the hypophysis almost 1 iately leads to incretion of 
l the development of the follicles. 

males which were autopsied 24 h. 45 m. after mating had follicles 

iImost reached stage 9, described in the preceding section. The only 

which these follicles exhibited, as against follicles ready for ovula 

granulosa layer had not yet begun to proliferate as a prt 


mation of the corpus luteum. 


ales which were autopsied 28 h. 5 m.—29 : after 
females which were 32 h. 5 m. after 


females the granulosa had begun 


owing to ruptures in the vasculosa 

id seeped out into the antrum folliculi. In thes 
a blunted cone on the surface of the ovary. As 
tion stigma appears as a light avascular spot, 

observed. The ovulation stigma in mink 


1936 and Hitt, ALLEN 


prouiera 
30 m 


autopsied 9 hours 


3 
12—50 hours after mating, had all ovulated. 
hese examinations are summarized, it is found that 


ovulate if they were isolated from males or 
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ind two mating, 
ill had strongly developed follicles. In these (iis 
to proliferate (fig. 24). In se 
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+] hl 1] 
Ot tne theca interna, DIOOoOd Na 
stages the follicle appears 
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iround which dilatated vessels 
ippears closely to conform to the corresponding formation in rabbits (WALTO 
KRAMER 1935). 
Female No. 1, IO4I, Which was autopsied 30 h. 5 m. al r nad no 
ovulated, but ovulation appeared to be imminent, for the on in the 
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and 21 females autop 
if the results of t th 
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allowed to mate. If the 
females mate the follicles 
grow rapidly, and ovula- 
tion follows 36—37 hours 
afterwards. Therefore it 
may be considered proved 
that the ovulation of the 


female mink is dependent 


on mating, as is the case 
with the ferret, the rabbit, Fig. 24. Section through the wall of the follicle immed- 
the cat, the ground squir- iately before ovulation. I granulosa, 2 theca, 3_ cortex 
: tissue. (Hemalun-eosin stained, redfilter, 100 X.) 

rel, the weasel, and the 

shrew, and thus, too, the explanation of the great variation in the length of 
the gestation period in the mink advanced by KELLER (1937) proves to be 
incorrect. 

During the year 1940, when preliminary investigations of the ovulation 
mechanism were being carried out, some females which had not permitted 
mating were sent in by a mink farmer. A scrutiny of the ovaries showed that 
one of these females had fully developed corpora lutea, which means that she 
had ovulated. As the female rabbit ovulates if she is mounted by a male or 
even by another female, it was considered possible that the same might be 
true of the mink female. With the object of investigating this more closely, 

ie with pronounced copulative impotence was allowed to mount three 
females for at least one hour, and autopsy was performed 36 h. 10 m.—36 h. 
50 m. after the mounting had begun. All three females exhibited follicles ready 
for ovulation, and one female had two ruptured follicles. The ovulation of the 
other females was immediately impending. Thus the mounting by the male, 
without actual mating, had elicited ovulation. In the further investigations all 
the males which exhibited a tendency to mount females, without mating, wer 


weeded out. In spite of this precautionary measure, in the total material, comp 


dS 


‘ising about 300 matings, a further 11 cases were met with where mounting 
] 


by males had elicited ovulation. From this it may be concluded that, in practical 
mink breeding, the frequency of such ovulations must be great, and as in many 


cases they may lead to the non-occurrence of gestation, they constitute a serious 


problem. 
1 


Further, in the total material 4 cases were met with where the females did 


it 


> 


not ovulate after mating. One of these females No. 305, 1942, was mated twice, 
but did not ovulate. The female’s ovaries exhibited a completely inactive pic 
ture, and therefore it is probable that she was in such a sexual condition 

she could not be stimulated to ovulation at all. In the other three c: 
copulation was short, 5—23 mins., and therefore it is possible that 1 


sufficiently intensive to start the ovulation mechanism. 
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INFLUENCE OF RE-MATING ON OVULATION. 


It was shown above that mating elicits ovulation. In this case, however, only 

first mating during the mating season has been studied. In section IIT it 
shown that, during one and the same mating season, the female mink 
mits several matings at irregular intervals. The question then presents 
lf whether re-matings also elicit ovulation. After mating, rabbits, ferrets 


itsel 
and cats, which also have non-spontaneous ovulation, pass into a stage of preg 
and in rabbits, and certainly 


nancy or pseudo-pregnancy of varying length, 


also in ferrets and cats during that time, a fresh mating does not elicit ovula 


tion (HAMMOND and MARSHALL 1925). 
purpose of investigating whether the female mink ovulates mort 
whether a certain 


iating season, and, if such is the case, 


matings for a fresh lati to take place, 
ice at varying intervals, autopsies being 


Al 


performed 


second mating. The ovaries of all the females wer 
to decide whether ovulation had taken place at 
‘mine the number of ovulated follicles. At the same 
and uterus were examined in respect of the occurrence 
this was done br sections, and in othe 
tubes and flushing out the uterus. 

females were included in the investigations, and the results are very 
] 


15). The only exceptions are female No. 305, 1942, which did 


no 


t ovulate after any mating, and female No. 400, 1944, which did not ovulate 
ifter the first mating. The cause of this has been discussed in the preceding 
section. The experimental data for the other females may be summarized as 
follows: Females which are re-mated at intervals of 1—4 days do not ovulat: 
after the second mating. Females which are re-mated at intervals of 5—6 days 
sometimes ovulate after the second mating also. Females which are re-mated 
at longer intervals than 6 days always ovulate after the 


at long second mating. Thes« 


results show that there is a definite refractory period in the mechanism of 
ovulation. Further that after the end of this period mating elicits ovulation, 
contrary to conditions with the rabbit, the cat and the ferret. 

That a certain time must elapse between the matings for a fresh ovulation 
to be possible may be due to different causes. As is shown in section VII, the 
corpora lutea are quite inactive during this refractory period, and therefor: 
this period cannot be explained on the assumption that the incretion of pro 
gesterone suppresses the release of hormones from the anterior pituitary. In 
connection with studies of implantation (see page 106) it was found that injec- 
of extracts of pregnancy urine (P. U.) and pregnancy mare serum 


(P. M. S.) do not elicit ovulation during the refractory stage. This togethe1 
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Table 15. Influence of re-mating on ovulation. 


, Interval Number of ovulated follicles after 
Date of 
between first 
No. of 


and second Fi 
S€col irst mating Second miting 
the female First Second mating in ae 

mating | mating days Creare 


1942 10, 4 
1941 
1942 
1942 
194! 
1942 
1942 
1942 
1944 
1944 
5, 1941 
1944 
1944 
1944 
1944 
1942 
» 1944 
5, 1944 
, 1941 
3, 1941 
1944 
1944 
1942 
1944 
1944 
1944 
1944 
1941 
194! 
1942 
1944 
1944 
1944 
417, 1944 : 
D., 1941 3 14 
Dos 1041 14 
D,, 1941 4 20 
D9, 1941 : 20 


‘ The female just ovulating after the second mating. 
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that injections of P. U. (cf. Hitt and Parkes 1931) cause 
ovulation in hypophysectomized rabbits, indicates that the refractory perio¢ 
vulatic hypophysecton 1 rabbits, indicates that tl fractor) | 
cannot be explained on the assumption that the anterior pituitary requires a 
certain time for recovery between the incretion phases of ovulation-eliciting 
substances. In this connection it is of i to 


interest note that BurpiIckK and 


CIAMPA (1944) found that in mice the injection of P. M. S. regularly causes 
ovulation during pregnancy. When such injections are made during the first 
three days after ovulation, however, ovulation very seldom occurs. When these 
possibilities of explaining the refractory period in mink are eliminated there 
remains only one, namely that during the refractory stage there are no such 
follicles in the ovaries as can be stimulated to ovulate. This interpretation is 
supported by the fact that both the number of ovulating follicles and the num- 
ber of cubs born increase with an increasing length of the interval between 
matings (table 16 and 41). Of course, this interpretation does not eliminate 
the possibilities that the anterior pituitary also requires a certain time for 
recovery. 


That the mink 


female ovulates again if re-mated after the end of the re- 
ge is due to the fact 


fractory sta that she returns to an estrous stage after 
ovulation, the reason for this being an inactive stage in the development of 
corpora lutea (see page 84). 

At many mink farms the females have been mated only once during the 
season, with satisfactory results on the whole. In the present writer’s 


trons, too, 11 


proved that, as a rule, the females become pregnant after 
It is then a question of very great interest what happens to 
gs which, in the majority of cases, must still be in the uterine 
md mating. Out of 27 females which 

first ovulation could be found in only 
the first ovulation perish in connection 
That the mati ig in itself does not lead 

hat the females which 

fertilized eggs in the uterine 

first ovulation could be found in the uterine 

ales which ovulated twice, it would seem that the 


through the cervix in connection with the second 


in two cases fertilized eggs from the first ovulation 


> 


ale No. D., 1941, thus had 8 to 16-celled eggs in the uterine 
fore the second ovulation and the female No. 308, 1942, 


the uterus after the first ovulation, at the same time as 


2-celled eggs in the tubae from the second ovulation. In 


mentioned case it 1 ‘ertain whether the eggs from the first ovula 


tion would also have 


second ovulation. On the other hand, 


is 
1 OA 
* 
investiga 
niv one matings 
niy one mating 
; 
the fertilized eo 
tne Tertiized eg 
+44} 
ubes or uterus 
ovulated twice, j 
two cases. Thus 
With the second 
to the destruct 
nad not ovulate 
7 
tubes. As no de 
tubes or uterus 
eggs must have been cicctel [i i 
ovulation. 
\s mentioned abov,, 
were Tound. ine ten 
14} 
uDesS Dé 
ther 
here were fertilized 
18 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


the last-mentioned case indicates that superfetation may occur in mink. It is 
of interest in this connection that KELLER (1944) describes two cases of 
superfetation in mink. In one case a female died immediately after having 
given birth to normally developed foetuses. In an examination of the uterus, 
foetuses estimated to be 14 days younger than those born were found. In the 
second case a female gave birth to two normal litters with an interval of 8 
days. A Swedish breeder, Ktnck, reported, in the year 1945, that on his farm 
a female gave birth to 6 normally developed young and 4 which appeared to 
be half-term. As BucHANAN—SmItTH (1927), AUBEL (1932), SWINEHART 
(1939), (1940) and LitrLEFoRD and Gystn (1944) considered that 
they could prove superfetation in sheep, pigs and mice, and as SNYDER and 
WISLOCKI (1931) experimentally obtained superfetation in rabbits, it appears 
to be established that superfetation also occurs in mink. However, this pheno 
menon will hardly be of any practical importance for mink breeding. 

Thus, by way of summary, it may be said that the female mink may ovulate 
even after re-mating, if the interval from the previous mating is at least 5 or 
6 days. As a rule re-mating leads to the destruction of the foetuses from thi 


previous mating. The reason why females permit re-mating, in spite of the 


presence of fertilized eggs from the previous mating in the t 


ippears to be that the corpora lutea are inactive. 


D. FACTORS CONTROLLING THE NUMBER OF RUPTURING 
FOLLICLES. 


The fact that there is a refractory period 


makes it of interest to investigate how the interval between the matings at 


Ss 
the number of rupturing follicles at the second ovulation. Therefore 
females in table 15 which ovulated after both matings have 
16, the number of rupturing follicles 

given. Owing to the small number of females, the average number of ruptured 
ollicles varies greatly, though there is a sli tendency towards an increase 
in the number with longer intervals between the matings. 

lifferences in the females may give rise to differences in the average values 
for the groups, the number of ruptured follicles after the second mating has 
ilso been calculated as a percentage of the number of ruptured follicles after 
he first mating. These percentage figures indicate a slight tendency towards 
an optimum in the number of rupturing follicl lays after a previous 


As appears from the total < values, the number of ruptured follic 


1 


the first mating was 7.6 and at the second 6.8. This decline ma 
to random variation but mav also be due to the shortness of the 


lar development. 
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Table 16. Influence of the interval between matings on the number of ovulatcd 


follicles in the second ovulation. 


Mean nuniber of ovulated follicles after 
Interval between Number ae 
matings in days of females ting | 2oCOnd mating as a ner- 
mating entage of first mating 


A question of great importance is how the number of rupturing follicles are 
checked. ASDELL (1924) found that, if umilateral ovariectomy was performed, 


the intact ovary tended to develop as many follicles as both the ovaries together 


had done previously. WALTON and HamMonp (1928) showed that the number 


of ovulated eggs in rabbits varied greatly in the different breeds, but showed 


striking constancy within one and the same breed. They also found that if 
the fully-developed follicles in an ovary were destroyed, new follicles appeared 
immediately, so that there was always a constant number of fully-developed 
in the ovaries. These results indicate a tendency in the ovaries to 
certain fixed total number of follicles. 

an endeavour to elucidate this problem further, an analysis of variance 
This analysis comprises the females in table 15, which ovulated 
Owing to the fact that the number of ovulated follicles was determined 
ovulations in each ovary, it wa ible to group the variatior 
to the several causes, including the primary non-linear interactions 
his connection only a f tf these causes are of interest. Firstly 

to differences between means of females 
does not indicate any differences bi 
ted follicles. Further th 
the non-linear interactions between females and 
square shows no significance. On the other hand 
‘an square and the mean square of the non-linear 
ovulations indicates a negative intra-class 

correlation must be 

sense that each ovary tends to ovulate such a number of follicles that the total 
of ovulated follicles in the varies is as constant as possible in different 
ovulations. square of the non-linear interactions 
between females and ovaries an » mean square of the non-linear interactions 


between females a at is calculated, a highly significant value is 


@ 

( 2 8.3 6.0 72 

- 6.5 6.6 102 

re) te) 6.4 6.4 
4 73% 6.5 89 
13 6 10.0 +78 

Total 25 7 6.8 &9Q 
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Table 17. Analysis of variance of the number of ovulated follicles in each 


separate ovary during different ovulations. 


OF REPRODUCTION IN MINK 


Source of variation 


Degrees of} Sum of Mean 


freedom | squares | squares 


Ratios of mean 


squares 


3etween females 
| Between ovaries 


Between ovulations 


Primary non-linear interactions: 


females—ovaries 
females—ovulations 


ovaries—ovulations 


24 84.54 
0.25 


4.41 


184.50 


57 +3 


7.608 


/ 


= 1.6! 


| Secondary non-linear interactions and 
random variation (error) ..... 114. 


Total 99 447. 


obtained. The only possible explanation of this difference is either a tendency 
in each ovary to repeat the number of ruptured follicles in different ovulations, 
or a compensatory effect in ovulation, the ovaries tending to ovulate a certain 
fixed total of follicles. Thus the analysis entirely verifies the experimental 
results obtained by ASDELL (1924) and WALTON and HAmMMonp (1928). 
The fact that, not the separate ovaries, but the two ovaries together, tend 
to ovulate a constant number of follicles from ovulation to ovulation shows 
that the mechanism which regulates the number of ovulated follicles is not 
isolated to the individual ovary, for this mechanism must be capable of co 
ordinating the ovulation of the ovaries. DAHLBERG and AKESSON (1930) 
advanced the explanation that as a rule only one egg is released in ovulation 
in Man because a maturing ovum secretes a hypothetical substance, ovein, 
which stimulates surrounding cells to secrete an ovulating-inhibiting hormone. 
This hormone was assumed to be identical with estrogen. Later investigations 
have shown that the incretion of estrogen is not regulated by the maturing 
ovum, but by the anterior pituitary gland by means of co-operation of 
follicle-stimulating (FSH) and the luteinizing (LH) factor (cf. FEvoi_p 1941, 
and Astwoop 1941). On the other hand, the fact that estrogen actually 
hibits the release of the follicle-stimulating hormone from the anterior pituitary 
has been verified by several workers (cf. Witscut and PFEIFFER 1935, DEMP 
SEY 1937, FEVOLD 1939 a, b, MERCKEL and NELSON 1940, ASTWOOD 1941 and 
others). The circumstance that every animal species tends to ovulate a definit 
number of eggs at each ovulation may be explained on the assumption that 
estrogen incretion regulates the incretion of follicle-stimulating hormone fron 
the hypophysis. It is then presumed that the release of follicle-stimulating hor 


mone from the anterior pituitary can only continue until the amount of estroget 
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in the blood has reached a certain value. When that stage is reached, the release 

of FSH is arrested, so that only a limited number of follicles can develop. 

the ovaries themselves do not determine the number of rupturing follicles 
is shown by the fact that the number of rupturing follicles can be violently 
increased by the injection of FSH (cf. Wistock1 and GoopMAN 1934, Pincus 

1940, and HAmMMonpD and BHATTACHARYA 1944). 

That different animal species ovulate different numbers of eggs can be 
lained, on the assumption that the incretion of estrogen in a follicle in 
tion to the incretion of follicle-stimulating hormone (FSH) is in inverse 

proportion to the number of rupturing follicles. On the other hand, this 

circumstance can also be explained on the assumption that there are different 


positions librium for the incretion of estrogen and FSH in different 


in assumption appears to be none too 


VARIATIONS IN THE RATE OF EMBRYONIC 
DEVELOPMENT. 
interval of time after mating, 
lized eggs, without exception, 
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In an attempt to throw light on this question, 
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to try, firstly, to obtain as large a total variation in the rate of embryonic 
development as possible, and secondly to obtain as large a variation as possibk 
in the rate of embryonic development in the females which were autopsied at 
the same intervals after mating. As was shown in section III, the length of 
the gestation period decreases when the date of mating is moved forward. 
With this observation as a starting point, the females which were to be 
autopsied at the same interval after mating were grouped in such a way that 
the variation in their mating dates was as large as possible. In carrying out 
the investigations, special precautionary measures were taken in the mating 
experiments. Special keepers carefully watched every attempt at mating, and as 
soon as the females had been in close contact with the males, specimens of the 
vaginal smear were taken, to control whether mating had or had not taken 
place. As soon as a female had mated, she was transferred to a special depart 
ment, in order to eliminate every possibility of mistake. At autopsies the rul 
was followed, practically without exception, that one uterine horn with its 
appurtenant tuba was used for post-examinations of embryos in vitro, whilk 
the other uterine horn, with its tuba and the ovaries and vagina, were fixed 
for histological examination. In order to be able to compare blastulae and 
implanted foetuses respectively from different females at the same time, photo 
graphs of them were taken. 

These investigations comprised 56 females. Owing to non-mating and non 


fertilization and to total resorption and deaths of foetuses, the number of 


females which had living embryos at autopsy was reduced to 38. During th 


year 1941 twenty-four females which had been mated were received from 

breeder who gave up his farm at the end of the mating season. These females 
were all killed on 7th April. One of them had had only one mating during 
the mating season, and this female was therefore put together with the 38 
females mentioned above. Ten females had mated twice, with at least 8 days 
between the matings, but two of them proved not to have such a large number 
of corpora lutea in the ovaries that it could be assumed with certainty that 
they had ovulated twice. These two females and the other 13 in the case of 
which it could not be decided with certainty which mating had resulted in 
fertilization, were entirely excluded from the investigation. The 8& females 
which had been mated twice, with at least an 8-day interval, were in reality a 
very valuable complement to the once-mated females. The latter were tried 
with males until they accepted mating. That implies that as a rule they wer 
mated at the beginning of estrus. On the other hand, the re-mated females 
became pregnant after a mating which took place at least 8 days after th 
beginning of estrus. The two materials may therefore throw light on the im 
portant question as to whether the length of the gestation period is affected 
if the female is mated at the beginning of estrus or later. The objections maj 
be raised against the re-mated females, firstly that they had not been under 
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Variation in the rate of the embryonic development. Once-mated 
females. 


Date of Interval Number 


between 
No. of the . of 
mating and) 
orpora 


autopsy in 
lutea 
days 


female 
Mating |Autopsy 


, 1940 20, 4+ Ova with 4 blastomeres in tuba uterina 
1941 TK 8, 3 34 ‘9 Ge 
, 1941 3 
1941 
2, 1941 
» 1942 
, 1941 
, 1941 
, 1941 
1942 
1942 ” ” 
1941 Blastula in uterus 
1941 »3 39, ,, tuba uterina 


), 1940 
194: 
, 1940 
3 1942 
, 3941 
1941 
194! 
1941 <3 2,4 3+ implantating 
6,1941 | 20, 3 ; + 8 bs in uterus 
1941 
» 1941 
, 1941 
, 1941 
1942 
, 1941 
, 1941 
, 1941 
, 1941 
194! 
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1941 
4, 1941 
, 1941 
16, 1941 


implantating 
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2+4 implanted embryos 
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sharp control, and secondly that the occurrence of superfetation may com- 
plicate the results. In reply to the first objection, it may be pointed out that 
the owner gave very exact information about matings and tests, and that the 
females were carefully watched during the mating season. Nor were there any 
signs of superfetation in the material. 

The results from the once-mated females have been collocated in table 18, 
and those from the twice-mated females in table 19. It has not been possible 
to reproduce photographs of the embryos from all the 47 females, nor was it 
considered necessary, for at autopsy several females had foetuses at almost the 
same stage of development. Instead, a series of embryos at different stages of 
development have been collocated in figs. 25—47. This series will afford 
guidance in the following description of the rate of embryonic development 
in mink. 


In the follicle which is ready for ovulation the egg floats freely in liquor 


25). 
ta 


folliculi and is surrounded by an extremely beautiful corona radiata, (fi 
At ovulation the egg is released, still surrounded by the corona radiata and 
accompanied by granulosa cells, mainly originating from the dissolved cumulus 
oophorus. Fig. 26 shows two newly ovulated eggs found in the infundibulum. 
As a rule the egg is freed from the corona radiata already in the infundibulum, 
which implies that fertilization takes place there. 

The passage of the egg through the first half of the tuba is very rapid, as 
is the case with other animals (cf. BiscHorr 1844, ROBINSON 1918, WESTMAN 
1926, ANDERSEN 1927, ALDEN 1942, and others). 48 hours after the mating of 


mink, i.e. 12 hours after ovulation, the eggs were found in the middle part of 


Table 19. Variation in the rate of the embryonic development. Females re-mated 


after an interval of at least § days. 


Interval 

between | Number 

No. of the | Date of | second of 
female autopsy | mating | corpora 
and lutea 

autopsy 


Date of 


first second 
mating | mating 


implanted 
embryos’ 


93, 1941 | 3 7 + 6 
109, 1941 : : +4 

98, 1941 3 3+4 

107, 1941 

97, 1941 

95, 1941 

104, 1941 


105, 1941 | ‘ > | 1. + (6) 7 


1 In one implantation site monozygous twins 
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5. Section through the ovum with corona radiata in a follicle almost 
. (Hemalun-eosin stained, greenfilter, 225 X.) 26. Two ova, which 
in the mouth of the infundibulum immediately after ovulation. The ova ar 


still surrounded by the cumulus oophorus and thus not yet fertilized. (90 X.) 


Fertilized ovum, which is just commencing the first cleavage. The 
in the middle part of the tuba, 12 hours 


after ovulation. (180 X.) 
— 28. Fertilized ovum with two blastomeres. The 


28. ovum was found in the middle part 
of the tuba, 25 hours after ovulation. (180 X.) 29. Fertilized ovum with four blas 
tomeres, The ovum was found in the isthmus of the tuba, 36 hours after ovulatior 
(180 X.) — 30. Fertilized ovum with eight blastomeres. The ovum was found in th« 
isthmus of the tuba, 84 hours after ovulation. (180 X.) — 31. Morula, found in the tubo- 
uterine part of the tuba, 61/2 days after ovulation. (180 X.) 32. Blastula, found in 
the tubo-uterine part of the tuba, 61/2 days after ovulation. (180 X.) — 33. Blastula, 
found in the uterus of female No. 30, 1941, 12 days after mating. (90 X.) — 34—35. Bla- 
stulae found in the uterus of female No. 12, 1941, 12 days after mating. (90 X.) — 3 
Blastula found in the uterus of female No. 42, 

37. Blastula found in the uterus of female 
- 38. Blastula found in the uterus « 

39. Blastula found in the uterus « 


1941, 12 days after mating. (90 


No. 40, 1941, 16 days after mating. (90 X. 
x 


f female No. 26, 1941, 16 days 


after mating. (90 
f female No. 24, 1941, 20 days 


after mating. (45 X 


30 
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‘igs. 45—47. — 45. Embryo from female No. 44, 1941, 35 days after mating. (6 
46. Embryo from female No. 16, 1941, 40 days after mating. (1.0 X.) — 47. 
embryonal development at partus. (0.8 X.) 


33, 1941, 30 days after mating. Note the 
(37.5 X.) — 41. Embryo from female No 


Embryo from female No 
Embryo from female No. 105, 1941, 20 


40—44. — 40. 

yolk sac and the differentiation into somites 

98, 1941, 22 days after mating. (22.5 X.) — 42. 

days after mating. (6 X.) — 43. Embryo from female No. 95, 1941, 25 days after mating 
(6 X.) 44. Embryo from female No. 1941, 40 days after mating. (6 X.) 
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At that point of time the eggs are generally unicellular (fig. 27). 


the tuba. 
During their further passage through the tuba, cell cleavage continues, so that 
the blastula stage has been reached when the fertilized eggs pass down into 
the uterus. In figs. 27—32 are shown fertilized eggs from the tuba at different 
stages of development. 

Eight days after mating, the blastodermic vesicles were found in the tuba in 
two cases and in the uterus in one case, see table 18. After that time the 
blastodermic vesicles were found in the uterus in all cases. This shows that 
s through the tuba takes 6—7 days. Thus, as the passage 
f of the tuba takes only about 12 hours, the passage 


the passage of the egg 
] 
al 


through the first ha 
through the second half takes place very slowly, or at an average rate of about 
0.04 mm per hour. Without entering upon any discussion of the various 


theories as to egg transport advanced by different research workers, which 
have been reviewed by WesTMAN (1926), HARTMAN (1932), and ALDEN 
(1942), it must be pointed out that, at any rate with mink, it appears to bi 
difficult to explain the slow passage through the latter half of the tuba either 
- or by the muscular theory. On the other hand, it can be explained 
ily if one assumes, as does ALDEN (1942), an uterotubal sphincter, 
regulated hormonally. 
the fertilized eggs through the tuba, only slight dit 
levelopment of the embryos can be proved in the females whicl 


the passage of 


» same interval after mating. The first time a greater variation 
f development of the blastulae could be among the 
females which were killed 12 days after mati: is shown 
36, showing the blastulae from these tl females. None of thes 
females exhibited any progestational proliferation as an indication of impending 


Autopsy was performed on three females 16 days after they had been mated, 
blastulae which could be flushed out, but one of then 


1 


and all of them had 


had blastulae which showed a tendency to adhere to the uterine mucosa. In thr 
last-mentioned case implantation had certainly already started, for with greater 
magnification primary chorionic villi could be detected in the form of a spars 
down round the blastulae. For purposes of comparison, it may be mentioned 
that, according to STRAHL (1906), in ferrets the blastulae form chorionic villi 

k at the implantation stage 


to shrivel immediately after being flushed out, and 


° 41 hlacti] 
10 days after mating. In min the blastula: 


show a typical tendency 
therefore it was not possible to obtain a picture of an intact blastula (compart 
It is of interest that Pincus (1936) states that the same thing is 


of the blastulae in rabbits at the same time of implantation——The varia- 
tion in the blastulae of these females was very appreciable. Female No. 40, 
1941, had blastulae with a diameter of 375 u (fig. 37), and female No. 26, 
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1941, had blastulae with a diameter of 655 uw (fig. 38). Blastulae from the 
third female were intermediate. 


Autopsy was performed on 4 females 20 days after they had been mated, 


one of them having been re-mated at an interval of 12 days. Females Nos. 32, 
1941, and 24, 1941, had unimplanted blastulae whose degree of development 
corresponded with those shown in figs. 38 and 39. Female No. 35, 1941, had 
blastulae with the same tendency to adhere to the uterine mucosa as those in 
female No. 26, 1941, and exhibited the same degree of development. Thus in 
this female implantation had begun. Female No. 105, 1941, which was re 
mated at a 12-day interval, had implanted foetuses among which was probably 
a monozygotic pair of twins (fig. 42). In view of the advanced development, 
it appears probable that implantation took place immediately aftet 


‘r the blastulae 
reached the uterus, i.e. 8—10 days after the mating. Thus these females exhibit 


i variation in the point of time of implantation of at least 10 days. 
Twenty-one days after they had been mated, autopsy was performed on two 
females Nos. 93, 1941, and 109, 1941, which had been re-mated at intervals 
> and 11 days respectively. These females had implanted foetuses which had 


not reached quite such an advanced stage of development as those shown in 
Hig. AT. 


Autopsy was performed on three females 22 


mated. Of these females No. 12, 1942, had blastulae 


commencing 


plantation stage and a development corresponding to that shown in 


| Vere re-mat¢ 


he other two females, Nos. 98, 1941, and 107, 1941, which 


ifter an 8-day interval, had implanted foetuses whose degree of development 


ppears from fig. 41. 
Autopsy was performed on female No. 97 
ited. She had implanted foetuses whose 


quite so advanced as that shown in fig. 42 


\utopsy was performed on four females 25 days after they had bee 


Of these, female No. 9, 1941, still had free blastulae in the lumen of t 


(hese blastulae corresponded very closely to those reproduced in f1 
Female No. 35, 1941, had swellings of the size of hemp seeds 

which showed that implantation had begun. Histological sections showed 
chorionic villi had penetrated into the uterine glands (fig. . The two other 
females, which had been re-mated after 

planted foetuses. The foetal developm« nt 


somewhat further than that shown in fig. 42, and in female No. 95, 


corresponded to that shown in fig. 43. 

Autopsy was performed on female No. 103, 1941, 29 days after she had 
been mated. She had implanted foeti, the development of which had _ not 
advanced quite so far as that shown in fig. 41. 
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Thirty days after they had been mated, autopsy was performed on four 
females, all of which exhibited implanted foetuses. Females Nos. 8, 1941, and 
33, 1941, had foetuses whose development corresponded to that shown in fig. 
$0. On the whole the foetal development in females Nos. 38, 1941, and 43, 
1941, had advanced equally far (fig. 43). Among the foetuses from No. 38, 
1941, there was probably also a monozygotic pair of twins. 

Autopsy was performed on one female 35 days after she had been mated. 
She had implanted foetuses (fig. 45). 


Forty days after they had been mated, autopsy was performed on two 


females (figs. 44, 46). As appears from fig. 46, the foetuses from No. 16, 
I94I, were in a very advanced stage of development, and in this case partu- 
rition would have taken place in only a couple of days (cf. fig. 47). 

Thus it was found that in several cases the variation in the rate of 
embryonic development in females which were killed at equal intervals after 
mating was so great that it cannot be explained otherwise than on the assump 

that development had ceased entirely or been greatly reduced at some 

‘i0d or other. This becomes still more obvious if a comparison is made be 
tween the relative developments in the females killed at different intervals 
after mating. The two females Nos. 8 and 33, 1941, killed 30 days after mating, 
showed the embryonic development reproduced in fig. 40, while female No. 
105, 1941, which was killed 20 days after mating, exhibited the embryonic 
development shown in fig. 42. Thus the last-mentioned female had considerably 
ay longer after 1 | similar examples could 


killed at a 10- 


be adduced. Thus, 25 days after mating, female No. 9, 1941, still had 


further developed foetuses than the two first-mentioned females, which wer: 


ulae lying free in the uterus lumen, while in female No. 26, 1941, 


arly as 16 days after the mating. The last-mentioned 


interval between mating 


turn, causes the great 


development in the once-mated fem: is compared with 


1 ones, it 1s found that in the latter it a clear tendency 


This implies that if a female is mated as soon as sh¢ 
before implantation takes place is longer than 


If this observation is correct, it uuld be found that femal 


case shows that the variation is due to variations in the I?! 
and implantation. This delay in implantation, in i: El 7! 
variation in the length of the gestation period. 

The delayed implantation in the case of mink here described diverges fron 

the corresponding phenomena in roedeer, badger, marten, ermine, the nin 

banded armadillo, and other animals (see the following section), in that the 
free vesicle stage is shorter and of greatly varying duration. In that respect 
it recalls rather the delayed implantation met with in mice and rats, which is 
caused by the suckling of the young. The causes of the delayed implantation in 
mink will be discussed in a later section. 

lf the embryonic 
that in the 

towards acceleration. 
she is mated later, es « 
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which are re-mated at intervals of more 
than 7 days have a shorter gestation 
period than once-mated females. To in- 


vestigate this matter, such females have 


been sorted out from the total Quebec 


material (described in section III) as 


were mated twice at intervals of at 


least 8 days. Thus these females ovulated 


again after the second mating (see p. 46). 
In fig. 48 the length and variation 


of gestation are shown for these 324 


females. The average length is 45.60 


Percentage of all gestations 


nN 


days, as against 51.33 days for the once 
mated (table 8, fig. 5). The gestation | 

period shows a standard deviation of 3.74 0°40 50 60 
days for the re-mated, as against 5.42 Length of gestation in days 
for the once-mated females. Thus for Fig, 48. Frequency distribution of the 
length of gestation in 324 re-mated Qu 


the re-mated females the gestation period ; 
bec females. 


dS 
is shorter and exhibits less variation 
than for the once-mated. However, these values are not quite comparable. As 
was shown in section III, the length of the gestation period decreases when 
the mating date is moved forward. It is in the nature of things that the re 
mated females should be mated at a later point of time than the once-mated 
ones, and this contributes to the results arrived at above. To eliminate the 
influence of the mating date, the re-mated females have been arranged in 
table 20 according to the time of mating, and, for the purpose of comparison, 
the average figures for the once-mated Quebec females have been inserted. As 
appears from this table, the length of the gestation period is shorter throughout 
for the re-mated females. On an average the period is 2.6 days shorter. Thus, 
as the interval between the first and second matings averaged 11.8 days, the 
curtailment does not correspond to this interval. However, from the sexual 
point of view, the re-mated females may be different from the once-mated 
ones, and the dissimilarity may have affected the length of gestation. If this 
was the cause of the whole difference in the length of gestation, no correlation 
should be found between the length of the interval between the matings and 
the length of gestation. In table 21 the females have therefore been arranged 
according to the interval between the matings. This table shows that, with a 


longer interval between the first and the fertilizing mating, the period of 


gestation shows a clear tendency to become shorter. This shows that the length 


of the free vesicle stage also depends on the stage of estrus when the female 


is mated. 


| 
M=45.60 
4 
| 
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Influence of re-mating on length of gestation. 


Date of fertile mating in March 


19/20 


Temaies 


gestation 


the length of the mating interval on length of gestation 


Length of the interval between first and second mating in days 


a delayed 
and a great 
free vesicle 


etween the 


DELAYED IMPLANTATION. 


nunuous 


icle has come into 
the placenta begin. 
ation proceed 
and grows continuously 
this continuous process is 
nent in mink which was described in the 


other animals. It is 


through the tuba, it 


4 
Cable 20, 
| (6— — —23/24—25 
wice-mated females 
Number of 9 17 53 56 37 38 
] ] ~ od 4 ad > 
Mean length of == 48.3 47.2 47.9 46.8 45.9 44.1 43.3 | 42.7 
Number of females . 106 128 106 67 42 1¢ 14 8 
wean lenetn ¢ festatiol 5O 49 40.3 40.5 47.0 40.9 45-4 
Difference 2.6 1.8 2.6 2.9 3.6 2.7 
lable 21. of 
| 12—13| 14—15 | 16—17] 18—19 | 20-21 | 22 194 
r males 68 114 7% 39 9 2 
< 45-Y 44 4 44 44. 
By way of summary, it may | said that the mink exhyrbits 
mplantation, which leads to discontinuous embryonic development 
iriation in the length of the gestation period. The length of thi 
ng o1 the estrous | TIOGd nd the 1 iting 
In mami s embryonic development is usually a COmm_:,: process. Ovula 
t10n 1s tollowed almost mediately by tertilization and the passage ol the egg 
rough the tuba. ne cieavage Of the tertiized egg begins already during the 
passage to the uterus, so that when it arrives there it has as a rule reached 
he blastula stage. As soon as the bl 
+1 4 1- 4 ha 
with the uterine mucosa, implantatu 
ine ceils Of the Diastocysts wnhicn al 
With the tormation of the embryo, wn 
until the time of parturition. In sha 
ne discontinuous embryonic develop 
preceding section, and which is also met with in some ZZ _ 7! 
; 4+] acts 1 ] 
common to these that, after the fertilized egg has passed [iii 
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enters into a resting period, the length of which varies. In some cases this 
delayed implantation has no manifest cause, in others it only appears when the 


female is suckling a certain minimum number of young. 


A. OCCURRENCE OF DELAYED IMPLANTATION. 


As early as in 1854, BiscHorr (1854) showed that the embryonic devel- 

opment in the roedeer was not continuous. This was verified by Retz1us (1900) 

and KEIBEL (1902), who found that, after the mating in July—August, ovula 


tion, fertilization and the passage of the eggs through the tuba took place in 


a normal manner. After ariving in the uterus, the blastula entered into a stage 


of relative rest, which lasted up to the middle of December, when the blastula 
was suddenly implanted, after which the embryonic development proceeded at 
a normal rate, until parturition in April. PRELL (1938) found that 22 roedeer 
which mated in July—August had gestation periods of 273—318 days, while 
2 roedeer which mated in March—April had gestation periods of 150 days. 
Thus in roedeer the interval from ovulation to implantation is dependent on 
the time of mating. 

A corresponding delay in implantation was found by [Ries (1880) and 
I-iscHER (1931) for the European badger, Meles meles, and by HAMLETT 
(1932a) for the American badger, Taxidea americana. The former mates in 
July—August, and the latter in August and September. In the case of the 
European badger implantation takes place at the end of January, after which 
parturition follows in March. In the case of the American badger implantation 
takes place in February and parturition in April. Thus, apart from the fact 
that the time of the sexual cycle is somewhat different for the two species, their 
reproduction corresponds exactly. 

PATTERSON (1912, 1913) and HAMLETT (1932b, 1935) found the same 
delay in implantation for the nine-banded armadillo, Tatusia novencincta. This 
armadillo, which is known especially for its polyembryony, mates in July. The 
free vesicle stage lasts up to the beginning of November, when implantation 
takes place. Embryonic development then continues at a normal rate until par- 
turition at the beginning of March. 

As appears from the introductory survey of the literature, a similar delay 
in implantation has also been shown for the stoat, Mustela erminea, by WATZKA 
(1940) and DEANESLY (1943), and for the long-tatled and short-tailed weasel, 
Mustela frenata et cicognani, by WriGcHT (19424, b). 

In view of the mating conditions of the marten, PRELL (1927, 1931, 1938) 
assumed that there was delayed implantation, which has since been confirmed 
for the pine marten, Martes americana, by WriGcut (1942b), and for the 


western pine marten, Martes caurina caurina, by MARSHALL and ENDERS 
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(1942). According to MENKLEY (1942), these species of martens mate in 
July—August, and as both Wricut and MarsHatyt and Enpers found un- 
implanted blastulae up to January, the marten would seem to have a free 
vesicle stage of 5—6 months. 

According to ENDERs, PEARSON and PEARSON (1946), there is also delayed 
implantation in the fur seal, and HAMLETT (1935) considers that there is also 
reason to assume that conditions are the same for the Siberian sable, Martes 
zibellina, the black bear, Euarctos americanus, the European brown bear, Ursus 
arctos, the grizzly bear, Ursus horribilis, and the polar bear, Thalarctos mariti- 
mus, but there is no experimental proof of this 

A serious objection can be raised against all the experimental investigations 
mentioned above. In ail the cases the animals were killed in the wild state at 
different times of the year and their genitalia subsequently examined. There 
was therefore no checking of the time of mating. Even though this lack of 
knowledge of the antecedents of the experimental material cannot to any great 
extent have affected the interpretation of the results, it seems to be necessary 


the facts in mind. 


It is common to the cases of delayed implantation described above that it 
has no obvious explanation. On the other hand, the delayed implantation occur- 


* common and the lesser shrew, and the bank volie, has a 


According to BRAMBELL (1937), as early as in 1882 LaTastE proved that, 
if a female mouse mated immediately after parturition and then suckled her 
young, gravidity was delayed. This phenomenon was subsequently studied more 


closely by DANIEL (1910), KIRKHAM (1915, 1916, 1918), ENZMANN, SAPHIR 


ind Pincus (1932), ENZMANN (1935), Pincus (1936), Brock (1939) and 
DEANESLY and Newton (1941). From these investigations it appears that, 
ly after parturition, implantation is 


when a female is mated again immediate 
generally delayed if she suckles three or more young. On the other hand, ther 
is no definite relation between the number of young suckled in excess of three 
and the total delay in implantation. 

KinG (1913) found similar conditions in rats, and his observation has since 


been confirmed by TEEL (1926), BRAMBELL (1937), KrrscH (1938), Krin¢ 


(1938), WEICHERT (1939, 1940, 1942, 1943) and KREHBIEL (1941 a). In rats, 


1 


however, is not delayed unless the female is suckling 6 or mort 


young, nor doe ‘ appear to be any definite relation between the number 
i ! the total delay in implantation. KREHBIEL, who 
study of these conditions, was able to prove by means of 
ion in rats tends to be delayed by multiples of the 

the estrous cycle, implantation taking place 


days’ intervals after mating. 
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3RAMBELL (1937) showed that delayed implantation, as a result of the female 
suckling her young subsequent to mating, probably occurs also in the common 
and the lesser shrew, Sorex araneus et minutus L., and the bank vole, 
Clethrionomys glareolus brittanicus M. However, there is no definite proof 
that this is the case, and Pearson (1944) has shown that in all probability it 
is not the case with the American shrew, Blaurina brevicauda Say. 

This survey shows that delayed implantation occurs in many different ani- 
mals, but it 1s not, however, a consistent phenomenon. In mice, rats, the com- 
mon and the lesser shrew, and the bank vole, it only occurs when the female 
is suckling a certain minimum number of young. In the roederer, the badger, the 
nine-banded armadillo, the stoat, the marten and the fur seal, the free vesicle 
stage is of considerable and, on the whole, constant length. On the other hand, 
in mink the length of the free vesicle stage varies very greatly, and in certain 


cases, as far as can be judged, implantation takes place at the normal time. 


B. CAUSES OF DELAYED IMPLANTATION ACCORDING TO 
EARLIER INVESTIGATIONS. 


Earlier it has been generally considered that, if a mated polyestrous animal 
again came in estrus, this was due either to the egg not having been fertilized 
or to its not being in a condition for implantation after fertilization. On the 
other hand, as a rule the possibility has been overlooked that the non-appearance 
of pregnancy may be due to a disturbance in the mechanism which regulates 
implantation. The occurrence of delayed implantation indicates that the im- 
plantation mechanism is less perfect than there has previously been a tendency 
to believe. In section V it is shown, too, that a fertilized egg, which is in the 
free vesicle stage, perishes if the female is caused to ovulate again as a result 
of mating. The circumstance that a polyestrous animal again comes in estrus 
after mating thus need not indicate that the eggs from the preceding mating 
were either not fertilized or were not in a condition for implantation, but may 
be due to the uterine mucosa not having been ready for implantation. In- 
vestigations by BALL (1940) proved that this is often the case with mice, in 


which copulation does not always elicit corpus luteum activity, with the result 


that the eggs cannot be implanted, although they are fertilized and have devel- 


oped up to the implantation stage. Conditions appear to be the same in the 
case of e.g. the cow. In the case both natural and artificial insemination, 
approximately two inseminations per pregnancy are required in cattle. It does 
not appear probable that this low rate of fertile inseminations 1s only due to 
a low fertilization percentage and deficient vitality of the fertilized egg. Among 
other things, the fact that cows often exhibit shght estrus even when im- 


plantation has taken place, indicates that the low rate of fertile matings may 
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be partly due to the uterine mucosa not having been sufficiently prepared for 
implantation. 

As Pincus (1936) pointed out, owing to the occurrence of a natural varia- 
tion in the implantation time, possibilities have been opened for a direct study 
of the causes of implantation. It is true that earlier, by means of ovariectomies 
and hypophysiectomies combined with transplantations of glandular tissues and 
supplies of hormones, it has been possible to prove several endocrine inter- 
relations in connection with implantation, but however skilfully these ectomies 
and transplantations may be carried out, they are still very clumsy interferences 
in the course of sex physiology. Therefore it is not probable that the finer 

the implantation mechanism can be analysed in this way alone. It 
appears probable that, in this respect, the delayed implantation may afford 
valuable supplementary aid. In spite of this, and in spite of the fact that the 
phenomenon of delayed implantation has long been known, it is actually not 
until recent years that it has been the subject of more exhaustive studies. Thus, 
in the latest edition of the eminent work “‘Sex and Internal Secretions”’, by 
ALLEN, DanrortH and Dotsy (1939), no mention is made of this pheno- 
menon. Therefore a survey is given below of the results obtained from the 
earlier studies of delayed implantation. 

The circumstance that, for the roedeer, the badger, and the marten, the breed- 
ing season occurs during the latter part of the summer and implantation after 

to different theories as to the causes of delayed 
implantation. lor the roedeer and the badger, Fries (1880) tried to explain 
this characteristic as an adaption for the benefit of the young. His argument 
was that it is necessary for the young to be born as early as possible in the 
spring, in order to become old enough to have a chance of surviving the follow- 
ing winter. As the winter is an unfavourable mating season, FRrEs considered 
that the delayed implantation rendered mating under favourable conditions 


possible and resulted in the time of parturition being suitable. PRELL (1927, 


1931) considers that the delayed implantation is a relic from the Ice Age. Owing 


the summer at that time, embryonic development had not 

To prevent parturition occurring during the winter, which 
according to PRELL, would be fatal for the foetuses, embryonic development 
had to be retarded. Those species which exhibit delayed implantation have 
changed very little since the Ice Age, according to PRELL. MURR (1929, 1931, 
1933 a, b) has severely criticised the hypotheses of I'R1ES and PRELL and 
considers that the delayed implantation is due to a change in the body tempera- 
ture. In the case of the hibernating forms, such as the badger, it would be 
due to the general fall in body temperature, and in the case of the small marten 
or the thin-flanked roedeer it would be due to a deficient capacity for pro- 
tecting the reproductive organs against cold. HAMLETT (1935) criticized these 
different hypotheses i ‘tail and—basing himself on the conditions in the 
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nine-banded armadillo, whose delayed implantation was not known by Frtes, 
PRELL and Murr—was able to prove that none of them are tenable, possibly 
with the exception of that put forward by Fries. 

Bearing in mind the fact that implantation takes place at a time when thé 
sun’s radiation is on the increase, ENpDERS and PEARSON (1943) and PEARSON 
and IENDERS (1944) tried to hasten implantation in marten and mink by means 
of irradiation.t In the experiments with the marten, Martes americana, 8 
females were irradiated from 20th September in such a way that the duration 
of daylight + the irradiation time increased continuously. At the beginning 
of November the total light period was 16 hours. On 4th December laparotomy 
was performed on one female, which proved to have foetuses 11 mm in length. 
Two of the other females gave birth to 3 young each on 20th and 23rd Decem 
ber respectively. As the marten normally produces its young in April, the 
experiment undoubtedly showed that the irradiation had hastened implantation. 
The irradiation of mink took place before and after mating, and the results 
appear in table 22. There is a tendency towards a shortening of gestation, and 


this indicates that in mink, too, implantation was hastened by the irradiation. 


Table 22. Influence of illumination on length of gestation in mink, according 


to Pearson and Enders (1944). 


Number Mean length of 
of females | gestation in days 


Illuminated before and after mating 


| 


only after mating 
| Not illuminated, same herds in 


other herds 


The circumstance that in several animals implantation is delayed only if 
the female is suckling a certain minimum number of young led KIRKHAM 
(1915, 1916, 1918) to assume that the delay is due to the fact that up to the 
time of implantation the suckling young are obtaining all or most of their 
nutriment from the mother. Thus the suckling deprives the body of nourish 
ment, so that implantation is rendered impossible. This conception is supported, 
firstly, by the fact that it is at the time of implantation that the suckling young 
require most nutriment, and secondly, by the fact that delayed implantation 
only occurs if the female is suckling a certain minimum number of young. 
On the other hand, as BRAMBELL (1937) pointed out, the requirements of 


nourishment for the foetuses during pregnancy are so slight that this can be 

1 Their experiment with mink was suggested by an indication in a preliminary note 
by the present author (HaANsson 1940) that the mink had delayed implantation. The 
irradiation experiment by PEARSON and ENpers was actually carried out later than the 
present author’s irradiation experiment with mink published in this work. 
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of no practical importance for lactation. If the time of implantation is studied 
for the badger, the roedeer, the marten and the ermine, it is found that 
in badgers it occurs during the hibernating stage, when metabolism is at its 
lowest, and in the others when the supply of food is at its shortest. Even 
though it is not certain that in these animals the delayed implantation is condi- 
tioned by the same factor as in the case of rats, mice, etc., these circumstances 
indicate that the relative supplies of nutriment are of no great importance for 
implantation. 

Several workers have considered that the delayed implantation is due to a 
disturbance in the internal secretions, but opinions are very divergent on this 
point. Some consider that it is caused by too low an incretion of gonadotropic 
hormones from the anterior pituitary, others that the estrogen incretion is 
too low, and, finally, others that the corpora lutea do not increte sufficient 
progesterone. 

In the matter of the delayed implantation occurring in association with 
lactation in mice, rats, etc., it is known from the classic work by Lone and 
Evans (1922) that the female, when she is suckling her young, does not as a 
rule exhibit a fresh estrus. If she is mated and suckles a sufficiently large 
number of young, the corpora lutea do not develop fully until implantation takes 
place, and this also applies to mice (DEANESLY and PARKES 1931). A cor- 
responding under-development of the corpora lutea during the free vesicle 
stage has also been found for the nine-banded armadillo by HAMLETT (1932 b, 
1935), for the bank vole by BRAMBELL (1937), and for the stoat by WatTzKA 
(1940) and DEANEsSLY (1943). HAMLETT says: “Despite its large size the cor- 
pus seems to be inactive, and this conclusion is supported both by histological 


study and by the completely negative result attending its removal during this 


> 


1 
+ 


period”. On the basis of this under-development of the corpora lutea, various 
tried to hasten implantation by means of the injection of pro 


r (1935) obtained a completely negative result from the 

injection of synthetic progesterone into mated armadilloes, and Pincus (1936) 
and SELYE (1939) also obtained negative results from the injection of estro- 
e and synthetic progesterone into mice. WEICHERT (1939, 1940) in- 

| synthetic progesterone daily into rats for 20 days after 

a tendency towards a shortening of gestation, but, 

his experiments, it appears that the result was 

| the corpora lutea to the delayed implantation 

\ circumstance which has given rise to the 


opinion that, nevertheless, the corpora lutea are active during the free vesicle 


stage is that traumatization of the uterine mucosa in rats during this stage 


leads to the development of deciduomata (LonG and Evans 1922). After 
GOLDSTEIN and TATELBAUM (1929) and others had shown that the pre- 


condition for the formation of such deciduomata is that the uterine mucosa 1s 
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under the influence of the corpus luteum hormone, BRAMBELL (1937) declared 


that “the theory that delayed implantation is due to inactivation of the uterus 


is clearly invalidated”. However, TEEL (1926), Lyon and ALLEN | 1938) and 


KREHBIEL (1941 b), have pointed out that there may be a difference between 
the sensitization required for implantation and for the formation of de 
ciduomata. As a support for that assumption KREHBIEL showed, after a care 
ful cytological study of decidual tissue in the sterile horns of unilateral pregnant 
rats, that, during the free vesicle stage, more intensive irritation is necessary 
to provoke deciduomata than at the time when implantation takes place. 
l‘urther, SypNor (1945) found that, if prolactin was injected into rats during 
estrus, traumatization of the uterine mucosa during diestrus led to the forma 
tion of deciduomata. This suggests the possibility that it is the incretion of 
prolactin from the hypophysis which renders the uterine mucosa sensitive to 
traumatization during the free vesicle stage. Thus this sensitivity to traumatiza 
tion does not imply that the uterine mucosa is ready for implantation. 

The non-appearance of estrus in rats and mice during the period when the 
female is suckling her young, indicates a suppressed incretion of estrogen. 
Guided by this and by the circumstance that in rats implantation appears to 
take place at intervals corresponding to the length of the estrous cycle, 
KREHBIEL (1941a) drew the conclusion that estrogen was the determining 
factor in delayed implantation. This assumption derives a certain amount of 
support from the fact that the roedeer, marten and stoat exhibit estrus in 
association with the implantation itself. WEICHERT (1942), however, consid 
ered that the non-appearance of estrus during lactation is not due to too low 
an incretion of estrogen but to the estrogen being exhausted in connection with 
the secretion of the milk. Lyon and ALLEN (1943) attempted to analyse the 
importance of the estrogen in the following manner. The uterine mucosa of 
female rats which were suckling young was traumatized 4—5 days after par 
turition, and as a result deciduomata were formed. If the females thus treated 
were traumatized on the roth day after parturition, the uterine mucosa did 
not react again. Lyon and ALLEN then supplied estrogen 9—11 days after 
parturition and traumatized the uterus on the 10th day. In these cases fresh 
deciduomata were formed. From this, the conclusion was drawn that failure 
of implantation during lactation and failure to obtain secondary deciduomata 
in the rat are both due to a relative estrogen deficiency. WEICHERT (1942, 
1943) tried to attack this problem direct by supplying mated female rats, 
which were each suckling 9 young, with small amounts of estrogen and 
investigating how this affected implantation and the length of gestation. In 
one experiment with 123 females the estrogen was injected, but in another 
experiment with 10 females WEICHERT scattered small amounts of diethylstil 
bestrol about the cages. As a result of the treatment, the fertility was very low 


in both experiments. Thus, in the first experiment, of 57 females only 4 
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produced normal litters, and in the second, of 10 females only two produced 
normal litters. WEICHERT considered that in the first experiment the treatment 
led to normal implantation in 68 % of the cases, and a similar result also 
followed on the second experiment. According to WEICHERT, this shows that 
the delayed implantation in rats is due to too low an estrogen content in the 
tissue. The abnormal breeding results and certain other circumstances render 
it necessary, however, to judge WEICHERT’s results with some caution. 
BRAMBELL (1937) advanced the hypothesis that the delayed implantation 1s 
dependent on the blastula itself. According to him, the development of the 
blastuia can be conceived as being dependent on some growth-stimulating 
substance like that known to occur in certain embryonic tissue extracts. In 
support of this hypothesis, BRAMBELL adduces that in the shrew the growth of 
the blastula ceases before it has reached the implantation stage. On the other 
KEIBEL (1902) and FiIscHER (1931) considered that they had found 
the development of the blastula in the roedeer and badger never ceases 
‘ly during the free vesicle stage, and similar conditions appear to prevail 
case of mink. Retardation of embryonic development during the 
free vesicle stage may be due equally well to a check in the supply of nourish- 
ment as to an absence of growth-stimulating substances. 
WEICHERT (1939, 1940) found that gonadotropic substance prepared from 
pregnancy urine (PU), alone and in combination with progesterone, and in- 
-20 days after mating into lactating rats, led to a tendency towards 
nt of pregnancy. Hain (1932) and Kinc (1938) arrived at directly 
contrary results from the injection of the same substance into lactating rats. 


They found prolonged gestation owing to delayed parturition, and as a result 


of this a great foetal mortality. SNypDER (1934) and Hooper and KING (1935) 


g 
arrived at exactly the same result after the injection of the same substance into 
female rabbits, and TEEL (1926) and Hain (1932, 1934) after the injection of 
extract from the anterior pituitary into lactating rats. 
As appears from this survey, opinions are divided as to the causes of the 
delayed implantation. The experimental investigations have not yielded uniform 
ts. This applies to the effect of progesterone, estrogen, and other sub 
stances, on the delayed implantation. There is much which speaks in favour of 
imary cause of the delayed implantation being a change in the incretion 


in the anterior pituitary. In earlier investigations such a possibility has only 


been touched upon in passing by WEICHERT (1939, 1940). 


As the earlier investigations did not yield uniform results, and as it cannot 


be taken for granted that the delayed implantation in the case of mink is 
caused by the same internal factors as the delayed implantation in mice and 
rats, these earlier investigations have only been a slight guidance for the present 
writer’s investigations. However, the former have shown the complicated nature 


of the problem, and therefore the present work has been concentrated on 
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attacking the problem from different angles. This has been done, firstly, by 


statistically and experimentally investigating the influence of outside tem 


perature and of light on the delayed implantation, secondly, by studying the 
changes in the histological picture of the ovaries, tuba, uterus and vagina, 


during the sexual cycle, and thirdly, by studying how different hormones and 


gonadotropic substances affect mated, normal and ovariectomized females. 


EXTERNAL FACTORS IN DELAYED IMPLANTATION IN 
MINK. 


The external factors which, in the first place, may conceivably affect im- 
plantation are nutrition, temperature and light conditions. In the case of mink 
the food certainly varies very greatly from year to year and from farm to 
farm, but as a rule on one and the same farm all the animals receive similar 
food, and this is not systematically changed during the mating season. The 
length of gestation varies very greatly, however, for females which are mated 
on the same day, and which consequently receive similar food. Further, as 
appeared in section III, there is a seasonal trend in the length of gestation, and 
this cannot be attributed to any change in the food. As this is very strong 
evidence that the food does not cause any appreciable variation in the length 
of gestation, this factor has not been studied. On the other hand, in earlier 
investigations temperature, and very especially light, proved to affect the sexual 
functions, and therefore the influence of these factors, on implantation were 


studied more closely. 


TEMPERATURE. 


in an experiment with ferrets, Murr (1931) found that a rise in the out- 
door temperature led to a tendency towards a shortening of gestation. Only 6 
females were comprised in the experiment, however, four of them becoming 
pregnant. A rise in the outdoor temperature of 15° led to a shortening of the 
gestation period by 2 days. In view of the inconsiderable number of experi- 
mental animals, this result may very well be a matter of chance. There are no 
other investigations showing the influence of temperature on the length of 
gestation. 

As was mentioned in section III, breeding data for 697 females, described 
as ‘once mated”, was obtained during the years 1939—1941 from A. B. Mink, 
Lid6 Sateri. During these years the outdoor temperature varied greatly before 
and during the mating seasons. As a check in this variation in temperature, 
particulars were obtained from a meteorological station situated in the neigh- 
bourhood of Lidé Mink Farm. The length of gestation for these 697 females 


has been correlated in various ways with the information as to temperature, 
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in an endeavour to elucidate whether the outdoor temperature has any influence 
on the length of gestation. 
A statistical analysis showed the following correlations between the length 
of gestation and the mean temperature during the intervals given below, 


reckoned from the day of mating: 


can temperature during the period 20 days before the day of mating, 7 —0.080* 
0.092* 


0.236** 


As is seen, with a rising temperature there is a decreasing gestation period. 
The uniform course in the correlation series also indicates that there is such 


a relation. Unfortunately, however, this correlation may have been caused by 


a co-variation of the temperature and the rays of the sun. 


To attempt to eliminate the effect of the rays of the sun, an analysis of 


variance was made within dates of mating (table 23) (cf. table 12). It is 


Table 23. Analysis of variance of length of gestation. 


Degrees | Sum of Mean Ratio of mean 


Source of variation 
of freedom | squares square squares 


Between dates of mating 3 7980.8 249.40 
Within 

Between years . 44 1405.0 

Within rrol 620 


6906 20241. 29.08 


mating on length of gestation in different years 


I 94 I 


Number Mean Number Mean Number Mean 
of length of of length of of length of 
females | gestation females | gestation females | gestation 


= 
31.93 
17.51 
Total 
Table 24. /nfluence of datc Of 
1939 
Mch 4 19 59.7 13 59.9 6 63.2 
c & 20 52.0 21 £7.0 55.0 
80 50.5 57 73 52.7 
13—1¢ 2¢ 48.9 52 50.2 129 49.1 
17—20 12 46.2 44 49.3 26 47.2 
21—24 $ 45.4 16 46.5 3 48.0 
25—28 4 50.5 7 45.4 2 44.0 
29 I 46.0 I 48.0 
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based on the circumstance that 
yeor 1939 


1940 
1941 


during the three years 1939, 
1940 and 1941 the temperature 
varied very considerably. Thus 


during March 1939 the aver- 


age temperature was —0.80° C, 


In 1940 it was ——5,73° C and 
in 1941 it was —4.80° C. These 


differences in temperature were 


Length of gestation in days 


probably not caused by a varia- 


tion in solar radiation, but by 


40% 293 393 
Dote of mating 


currents of cold air. Therefore, 
if a cause of variation can be 
Fig. 49. Relation between date of mating and length 


I ed within the mating dates of gestation in different years. 


between years, it will have 

been caused by the temperature. As appears from table 23, there actually 1s 
such a significant cause. Therefore the length of the gestation period for the 
same mating date should be shorter during the warm year 1939 than during 
1940 and 1941. In table 24 and fig. 49 the material has been distributed over 
the three years and the results are in accordance with the hypothesis of a 
temperature influence. If the mean difference in length of gestation in rela 
tion to the date of mating are calculated for the three years it emerges that 
during the warm year 1939, for the same mating date, the length of gestation 
Was 2.32 days shorter than during the coldest year, 1940, and 1.78 days shorter 


than during the year 1941. 


2. LIGHT 


A very great number of investigations into the influence of light on the 
sexual functions of different animals have been carried out. A general survey 
of the literature in this field has been given by MARSHALL (1942). In this 
connection, therefore, only the investigations will be touched upon which are 
of direct interest for the present writer’s experiments. 

BISSONNETTE (1932, 1935) showed that, if female ferrets were subjected to 
ordinary electric light for 6—6 1% hours every evening during anestrus, estrus 
began after 38—64 days, and the females permitted mating, ovulated, and 
became pseudo-pregnant. He also showed that, if the length or intensity of 
the lighting was decreased after the females had started estrus, a regression 
took place towards the anestrus stage, but that, if the lighting was increased 
again, the females again came into estrus. MURR (1935) has criticized Bisson- 
NETTE’S experimental methods, and he is of the opinion that the effect 


observed in these experiments might have been due to the illumination having 
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raised the outdoor temperature, and that this rise in temperature might have 
to the results obtained. 
MARSHALL and BowpEN (1934) irradiated female ferrets during anestrus 


with lights of varying wave-lengths and found that lights with longer wave- 


lengths than 6,500 A had no effect. The shorter the wave-length, the greater 


the activation of the sexual functions. A blind female did not react to irradia- 
tion, which was considered to indicate that the eye was the organ through which 
the effects of irradiation made themselves felt. If, before estrus, females were 
placed in semi-darkness, estrus did not appear. In a later work MARSHALL and 
BowDEN (1935) found that ultra-violet irradiation during pro-estrus hastened 
the onset of estrus and prolonged it. Certain results also indicated that it was 
not the leng f the irradiation alone which was decisive for the activation 
capacity, but the product of the intensity and the length of the irradiation. This 
observation was also made by MARSHALL (1940). 

The previously mentioned investigations by ENpERS and PEARSON (1943), 
and by PEARSON and ENpERs (1944), showed that light affected implantation 
in the marten and the mink. STEVENSON (1946) denies the effect of sunlight 
on sexual phenomena, basing himself ona field experiment with mink. Because the 
original paper is not available, it is impossible to judge the value of this finding. 

Le Gros CLARK, McKNown and ZUCKERMAN (1939) carried out resection 

tic nerves of ferrets during anestrus. After the operations the females 
with ordinary electric light for 6 % hours every day. At the 
same time a number of control females, which had not been operated on, were 
irradiated during anestrus. After the irradiation all the control females ex- 
hibited estrus. Four females whose optic nerves were severed immediately 
behind the eyeballs all exhibited extremely slight symptoms of estrus after 
irradiation. One of these females mated, but the mating did not lead to ovula- 
tion. The females whose optic nerves were severed in different places in the 
brain all exhibited normal estrus after a somewhat prolonged irradiation period. 
‘rom this the conclusion was drawn that the impulses towards activated sexual 
functions which the light elicits in the eye, may pass by way of other nerve 
paths in the brain than those serving the sense of sight. 

It appears from the investigations referred to that light undoubtedly has 

marked influence on the sexual phenomena, perhaps in the first place in such 


a way that the changes in the length and intensity of daylight regulate the time 


of the sexual cycle. To investigate whether the same conditions prevail also 
in mink, in 1941—1942 experiments were made with the irradiation of 


during anestrus and before and after mating. 


iation during anestrus. 


During late anestrus, i.e. from 4th December, 1941, to 15th January, 1942, 


an experiment was made with ultra-violet irradiation of both males and females. 
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"he experiment comprised, firstly, 5 groups of 4 older females each, which 
were irradiated for different periods (see table 25), secondly, 6 males, which 
were irradiated for 80 mins. every day, and thirdly, 20 older control females, 


which were not irradiated at all. For the irradiation was used an ultra-violet 


1 
i 


amp of the type “original Hanau, reflector model SR 300” with an energy) 
of 


consumption 575 watt. In order to avoid any affect of temperature, the 
irradiation was carried out in a large roofed-in space. During irradiation the 
animals were placed in wire-netting cages, whereby the possibilities of the 
animals avoiding the irradiation were eliminated. The lamp was placed 1 /% 
metres above the floor, so that the reflector threw the light over a circular 
surface on it, the cages being placed within this irradiated area. The irradiation 
Was given twice daily : immediately before sunrise and immediately after sunset. 

MARSHALL and BowpDEN (1934, 1935) and MARSHALL (1940) took the 
swelling of the vulva of ferrets as the criterion of the effect of irradiation. 
In mink this change is very inappreciable. Therefore, instead, the changes in 
the composition of the vaginal smear were chosen for the control of the state 


of estrus. 


Table 25. Influence of irradiation during anestrus on size of ovary and cor 


nua uteri. 


Number Mean of length x width 
Length of irradiation in Number . ‘ 
of in mm of 


minutes per day in the of ; ‘ed 
srOUps females 7 
females Ovary Cornua uterl 


No irradiation 8.72 
40 minutes irradiation .. . 14.13 
60 2 14.91 
15.01 
14.44 
15.47 


The experimental animals appreciated the irradiation, for they rolled about 
in the light and cooed, which they do not do otherwise at this time of the year. 
In the case both of the irradiated females and of the non-irradiated ones, the 
investigations of the vaginal smear showed that they changed from the typical 
anestrus appearance at the beginning of the experiment to different stages of 
advanced proestrus at the end. Even the females that had been exposed to the 
least irradiation exhibited a tendency towards a more rapid change to the pro- 
estrus stage than the non-irradiated females. This tendency was still more 
strongly marked in the case of those irradiated for the longest period. At the 
end of the experiments, the females which had been irradiated for 80 minutes 


{ 


and longer daily exhibited a vaginal smear which could not with regard to 
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the cell content be distinguished from that of the vaginal smear during estrus. 
At that time those which had been irradiated for a shorter time and the non- 
irradiated exhibited a smaller number of cornified cells, and the cornification 
was less pronounced (cf. page 97). 

During the course of the experiment, regularly repeated attempts were made 
to mate both the non-irradiated and the irradiated females, the irradiated males 
being used. The non-irradiated females exhibited no willingness to mate. On 
the other hand, some of the irradiated females appeared to be willing. However, 
no mating took place, for when a female proved willing, the male proved un- 
willing, and vice versa. 

When the experiment was discontinued on 15th January, autopsies were 
performed on 10 control females and 15 irradiated females, (table 25). From 
each female one ovary and a central segment of an uterine horn were fixed and 
sectioned. The vascularization of the sexual organs of all the irradiated females 
was more abundant than that of the non-irradiated. The histological pictures 
of the ovaries showed that the irradiation had led to an increased vascularization 
and a dilatation of the vessels. The follicular growth had been activated, but 
only a few follicles had reached the vesicular stage. The transverse sections 
of the uterus exhibited a thickened muscularis and mucosa, but the changes 
had not fully reached the estrus stage. This explains why no mating took place. 

As the histological pictures in both the control females and the irradiated fem- 
ales exhibited a fairly considerable variation, measurements of ovaries and 
uterine horns were made, in order to investigate whether the changes in the 
size of the organs resulting on the irradiation were significant. For each fem- 


ale the long and the short axes were measured, firstly, in the largest section of 


the ovary, and secondly, in a cross-section through the cornua uteri. In order to 


express the size of the organs in one figure, the product of the lengths of the 
T 


two axes was computed. These values are collocated in table 25 and the ana- 


Analysis of variance of size of ovary and cornua uteri (from table 


25). The material in the two groups, irradiated and non-irradiated females 


Degrees Sum of Mean Ratios of mean 


Source of variation 
of freedom| squares | squares squares 


vary: Irradiated v. non-irrad- 
lated females. . 10442.53 | 10442.53 | 10442.53 


10602.82 460.99 460.99 


Cornua uteri: 


irradiated fer 


78 
22 63 ** 
Within groups 23 PC 
24 21045.35 876.89 
radiated v. non- 
2 I 4687.78! 4687.78 | 4687.78 
18.00%” 
thin ere ups 5705.90 252.00 252.00 
1 otal 24 10483.77 4360.82 
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lysis of variance is shown in table 26. These show that the irradiation had led 
to a considerable change in the size of the ovaries and the uterine horns. On 
the other hand, no definite relation between the length of the irradiation and 
the size of the organs could be proved. A remarkable circumstance is that the 
cornua uteri of the two females which had been irradiated for 60 minutes were 
completely unaffected. 

Thus, by way of summary, it may be said that ultra-violet irradiation of 
mink during the late anestrus influences the sexual functions in the same 
direction as BISsONNETTE (1932, 1935), MARSHALL and BowpDEN (1934, 1935), 
LE Gros CLark, McKnown and ZUCKERMANN (1939) and MARSHALL (1940), 


found for ferrets. 


b. Irradiation before and after mating. 

Similarly, during the period from 15th February to roth March, 1941, an 
experiment was carried out with ultra-violet irradiation. Two groups, each 
consisting of 10 older females, were used in the experiment. All the females at 
Lido Mink Farm could be utilized as the control material, the experiment being 
carried out there. 

In this experiment the irradiation was given with two ultra-violet ray lamps 
of the same design as in the previous experiment. In this case, too, the irradia- 
tion took place in an open animal shed to avoid the effect of temperature. The 
experimental animals were placed in wire-netting cages, and the lamps were 


placed on opposite sides of the cages at a distance of 4.0 metres from each 


other. As in the previous experiment, the females were irradiated before sunrise 


and after sunset. The total irradiation time per day was 45 mins. for one group 
and go mins. for the other. After some days’ irradiation, some of the females 
that were receiving the long irradiation exhibited signs of blindness, and there- 
fore the period of irradiation was curtailed somewhat. One of these females 
was removed from the experiment entirely. After a couple of days all signs 
of blindness had disappeared. 

The irradiated females mated early in the season, which may possibly be 
ascribed to the irradiation. All the females mated and 15 of them had litters. 

When studying the effect of irradiation on the length of gestation, con- 
sideration must be paid to the time of mating, in view of the relation which 
exists between these variables. This was done in such a way that the gestation 
period of each female was compared with the gestation period of the non- 
irradiated females which were mated on the same day. This gestation period 


gestation period’. However, 4 of the females 


has been called the “‘expected 
mated as early as on the 23rd of February, and the non-irradiated females 
which were mated on the same day were all re-mated. In consequence 
there is no comparison material for this mating date. These 4 females have 


therefore been excluded from the comparison. In table 27 are shown the actual 
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Influence of irradiation before and after mating on length of 


gestation. 


Number of 

\ctual mean length of gestation 

Expected 

Difference in days 

the expected gestation periods for the two groups of females, as well as 

the difference and its mean error. As appears from these values, the irradia- 
tion led to a marked curtailment of gestation. If the difference is compared with 
its mean error, there is a statistically significant difference for the animals 


which received the longest periods of irradiation. 


In view of the similar results obtained by PEARSON and ENDERS (1944) in 


‘ir irradiation treatment of marten and mink, it appears to be established 
the irradiation of mink during pro-estrus and estrus promotes implanta- 
tion. This is further confirmed by the positive results of the irradiation of 


mink during anestrus. 


HISTOLOGICAL CHANGES IN THE FEMALE SEX ORGANS 
CORRELATED TO THE DELAYED IMPLANTATION. 


The various phases of reproduction are reflected in cyclic changes, both in 
the ovaries and in the tuba, uterus and vagina, and therefore by studying 
these changes, valuable information can be obtained as to any possible diver- 

in reproduction and its causes. In this connection, especially the diver- 
7 
lating 


> 


to the delayed implantation are of importance. 


1 OVARY. 
In foregoing sections the general anatomy and histology of the ovary and 
the development of follicles have been discussed. Here the development of the 
corpora lutea and the changes of the size of the ovary in relation to the sexual 


cycle will be described. 


a. Development of the corpora lutea. 

The conflicting ideas about the histogenesis of the corpora lutea and the 
sreatly divergent conceptions as to which cell elements, the theca interna or 
granulosa cells, are the site of the formation of the corpus luteum hormone, 


were finally settled by a brilliant investigation by WESTMAN (1929a). He 
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showed that, if the whole granulosa layer was removed from a follicle, no 
corpus luteum was formed, and there was no pregnancy reaction in the uterus. 
If, when the granulosa layer was removed, some remnant of it remained, a 
partial corpus luteum was formed, and a corresponding reaction in the uterine 
mucosa could be observed. Consequently the granulosa layer forms the luteal 
issue, which in its turn is the site of progesterone incretion. 

As a rule it has been assumed that ovulation elicits proliferation in the 
granulosa layer, and with it the formation of the corpus luteum. However, 
Watton and HAMMonD (1928) showed that in rabbits, if a fully developed 
follicle was opened without mating having taken place, no corpus luteum was 
formed, but that if the female was mated before the follicle was opened, a 
corpus luteum developed. This proves that the formation of the corpus luteun 
cannot be considered an isolated phenomenon which is elicited by the ruptur: 
of a follicle, but that, in rabbits at any rate, it is conditioned by factors, prol 
ably of an endocrinous nature, which assert themselves already before ovula 
ition. Therefore the renewed proliferation activity in the granulosa layer during 
the pre-ovulation stage found in the follicle development in mink is probably 
he prelude to the formation of the corpus luteum. 

Immediately after ovulation, the granulosa layer spreads out towards the 
centre of the antrum folliculi. The whole of this tissue is loose and consists of 
cells connected with each other by cytoplasm structures, which are mainly ar- 
ranged radially. This tissue becomes increasingly sparse towards the interior 
of the follicle, and for some time after ovulation there remains in the follacl 
i: vacuole filled with fluid, which extends from the centre towards the rupture. 
The viscosity of this fluid is greater than that present before ovulation and 


appears to correspond exactly to the tertiary liquor folliculi which Ropinson 


ry 
(1918) proved in ferrets. In connection with ovulation, complete changes also 


take place in the theca layer. The basement membrane which delimits the theca 
layer from the granulosa layer is penetrated by invading blood capillaries and 
theca cells of the nature of connective tissue. This membrane is completely 
lisintegrated at a very early stage. The inner theca layer, which, in the follicl 
ready for ovulation, consisted of an outer zone of loose connective tissue, 
interspersed with polygonal cells and lymph sinuses, and an inner zone of 
in almost continuous vascular layer, also shows a tendency to disintegrate 
in connection with ovulation. Already 12—18 hours after ovulation, this layer 
has practically disappeared by migration into the granulosa tissue, and only the 
theca externa remains as a delimited sheath round the foilicle. The whole 
follicle vacuole has gradually filled up with granulosa tissue and exhibits a 
fairly homogeneous structure. Up to the time when incretion activity has 
reached its maximum, however, a denser granulosa tissue can still be proved in 


the periphery of the corpus luteum than in its centre. 


A. Z. 1947. 


8I 
6. 


82 


Figs. 50—54. Sections through the corpus luteum: 50. During the proliferation phase 

of the granulosa. — 51. During the proliferation phase of the vascular system. — 52. Du- 

ring the inactive phase. — 53. During the incipient-incretion phase. — 54. During the in- 
cretion phase. (Hemalun-eosin stained, greenfilter, 360 X.) 
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The study of the differentiation of the corpus luteum comprises, firstly, a 
scrutiny of the progress of vascularization, and secondly, the change in the 
granulosa or luteal cells. The histological picture of the corpora lutea of a 
female varies somewhat from body to body and within a body from _peri- 
phery to centre. This study was therefore carried out as follows: firstly, all 


lutea were scrutinized, and then a repre- 


the sections of a female’s corpora 

sentative one was selected and photographed with 180 times magnification. 
Similar photographs were taken for all the females which were of interest. A 


utiny of this material showed that, from ovulation until the corpus luteum 


was fully developed, five or possibly six different stages could be distinguished, 


which were characterized by the following properties. 

1) The proliferation phase of the granulosa. As appears from the designation, 
this is characterized by proliferation of the granulosa, which proceeds until th 
antrum folliculi is filled with tissue. This proliferation takes place with such 
immense rapidity that, as a rule, even a few hours after ovulation, nearly the 
whole of the follicle vacuole is filled with tissue. A section from this stage is 
shown in fig. 50. The female in question was killed 3 hours after ovulation. 
lhe cell contours were still diffuse. The whole tissue may be characterized as 
a confused aggregation of cells without any ordered supply of blood vessels. 

7 fcration phase of the vascular system. The granular prolifera 
tion is continuously followed by an ingrowth of vessels with accompanying 
strands of spindle-shaped cells. This phase continues up to 6—7 days after 


copulation. In fig. 51 is shown a section from this stage, taken 6 days after 


1 


1.e. When the plexus of vessels is almost built up. As appears from 
split up the tissue into irregular nests. The nuclei 
less basophilic than in the preceding stage and the cell 

lear unit. 

3) Inactive phase. In contrast to what is the case in other animals, with the 
exception of the stoat (WatTzKa 1940, and DEANESLY 1943) and possibly the 
nine-banded armadillo (HAMLET? 1935), the corpora lutea in mink, after the 
proliferation phase of the vascular system, pass over into an inactive stage, 
during which even a certain involution can be observed (fig. 52). In this stage 


1c «cell 


1] ic cell nuclei. That 


the lutein cells are small, with dense and strongly basophi 
the corpora lutea are inactive during this phase is confirmed by the fact that 
no progestational effect can be found in the endometrium and that the female 
allows mating and ovulates, by the estrous picture of the vaginal secretion, 
and by the absence of implantation. This stage persists until immediately before 
implantation. 

4) Incipient-incretion phase. At a stage when the blastodermic vesicles are 
still lying freely in the uterus, but when the uterine mucosa shows progestational 
modifications, the corpora lutea exhibit increasing activity (fig. 53). The lutein 


cells increase in volume. The nucleus is larger and less basophilic, the blood 
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capillaries are dilatated, and the whole tissue gives the impression of com- 
mencing activity. 

5) The incretion phase. The further development, which coincides with 
implantation but continues even after it, is characterized by a very great in 
filtration of blood vessels. The volume of the lutein cells increases greatly, and 
they become pear-shaped in appearance, with the cell nuclei situated ex- 
centrically (fig. 54). The whole tissue gives an impression of great activity. 

The corpora lutea remain in this stage up to some days before partus, when 
an inciprent regression is perceptible, first showing itself in a decrease in the 
volume of the lutein cells and an increased number of strands of conmective 
tissue penetrating into the corpora lutea. The involution of the corpora lutea 
after partus has not been studied. 

b. Size of the ovary during the sexual cycle. 

The cyclic changes in the evolution and involution of the follicles and the 
corpora lutea are reflected in the total volume of the ovaries. Measurements 
have been made of sectioned ovaries for the purpose of arriving at a con 
ception of the magnitude of the variation. The sections ran parallel to the median 
plane of the ovary, i.e. dorso-ventrally and cranio-caudally. With a few exceptions 
the section thickness was 7 u, and 3—4 sections per were mounted. 
The largest section from each ovary was selected, and its length and breadth 
were measured in a twelve-fold enlargement. Altogether 461 ovaries fron 
286 females were measured, but as some of these females had been included 
in experiments with ultra-violet irradiation, or treated with hormone, or wer¢ 
ill when killed, the number of untreated completely healthy females whos: 
sexual stage could be established with certainty, was reduced to 164, the number 
of sectioned and mounted ovaries being 304. 

In table 28 these females have been grouped according to the sexual stage, 
and for each stage are given the number of females and ovaries and the mean 
lengths and mean widths in mm of the ovaries. The product of the width and 
length of the ovaries of each female has been computed, and the means of 
these products are given as percentages of the corresponding mean during 
anestrus. 


During anestrus, when the ovary is at rest, no vesicular follicles are found 


as a rule. The follicles which have advanced beyond stage 1 (p. 35) during 


this period of rest, exhibit atresia in the great majority of cases. The zona 
pellucida shrinks, the cytoplasm of the ovum is filled with fat droplets, and 
the ovum often shows signs of an atypical progressive development. The con- 
nective tissue elements of the theca and blood capillaries penetrate the basement 
membrane and invade the degenerating epithelium. The blood supply during 
his period is scanty. As appears from table 28, in this stage the length and 


width of the ovary are minimal. 
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Only a few females were killed during pro-estrus, and as this stage represents 
a phase of progressive activization of the sexual functions, and as it cannot be 
determined with certainty what point in this stage a female has reached when 
she is killed, these females have not been included. The size of the ovaries 
during this period, however, must be intermediary between anestrus and 
estrus, owing to the proceeding growth of the follicles. 

Nine females were killed during estrus. Their ovaries were larger than 
during anestrus, but the difference was surprisingly small. This is due to the 
fact that in mink, as in ferrets (Roprnson 1918), the follicular development 
during the vesicular stage is so intimately dependent on mating. The average 


relative section surface in this stage is I1I.2. 


Table 28. Size of ovary during different sexual stages. 


Number of Ovary 


Length | Width |Relative | 
Females} Ovaries| in mm | in mm size 


Females autopsied in anestrus .... . 17 
I / / 
in estrus ..... 8 4.31 
after mating, but before ovulation 2 4.82 
o—12 hours after ovulation . . 2 4.43 
7 Gays ., 3: 4.74 
wele t- 
vesicie Stage 50 ( 4.51 
piacentai stage 


1 


females autopsied at the end of the mating 


pregnant temales 


During the interval between copulation and ovulation, an enormous follicular 
growth takes place, and as a result the relative section surface of the ovaries 


icles collapse, and some 


increases to 147.6. In connection with ovulation 
hours after ovulation the proliferation in the granulosa section is so advanced 
that the collapsed antrum folliculi is practically filled out. During this interval 
the relative section surface of the ovary is 111.8, or practically the same as in 
the estrus stage. The proliferation in the granulosa and the vascularization of 


the corpus luteum continues during the time when the egg passes through the 


tuba. During this phase the relative section surface of the ovary is 133.4. As 


the egg has reached the uterus, an inactive phase of the corpora 
lutea sets in, and as a result the relative section surface of the ovary decreases, 
though not down to the surface of the estrus stage, but on an average to 119.0. 
Iemales with implanted foetuses always have fully developed corpora lutea, 
and in consequence the relative section surface of the ovary reaches its 


maximum, i.e. 150.0, during this phase. If it is assumed that the ovary is 


so 
| 
2.57 | 100.0 | . 
2.77 | 
2.75 147.6 | 
| 2.71.1 4 
3.02 133.4 | 
| 2.84 | 119.0 
3:09 150.0 | 
| Unmated 
season. II 20 4.59 | 2.92 125.8 | 
Autopsied pscu<d 9 18 4.37 2.71 | 
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160 


Relative size of ovary 


100 

Days from mating 
Fig. 55. Schematic illustration of the changes in the relative sizes of the ovary during 
the sexual cycle. The dots correspond to the values in table 28. 1 copulation, 2 ovulation, 


> 


3 the corpora lutea entering the inactive stage, 4 the corpora lutea entering an active 
incretion stage, which is followed by implantation, 

changed equally in all directions, this implies that the volume is 1.85 times 
as large as during anestrus. In the case of ferrets Roprnson (1918) gives an 
enlargement of 3.3 times, but he compared the anestrus volume with the 
greatest ovary volume in any female during gestation. As the ovary exhibits 
considerable individual variation, Rop1nson naturally obtained too high a value. 
In fig. 55 the variation in the surface of the ovary is shown schematically. 

Further, in table 28 is given the size of the ovaries in females which were 
not mated during the mating season, and which were killed after it. As these 
ovaries contain cystic follicles, the relative section surface is greater than 
during estrus. Similarly the size of the ovaries in pseudopregnant females was 
determined. This group of females were, however, at different stages. In some 
the corpus luteum development had not yet reached its maximum, and in others 
the corpora lutea had already begun involution. 

To analyse the statistical significance of the changes described here and to 
investigate whether the ovaries in one and the same female are more equal in 
size than the ovaries from different females at the same sexual stage, an 
analysis of variance was made on the basis of the product of the long and 


short axes of the section of the ovary; the results are shown in table 29. As 


Table 29. Analysis of variance of the size figures of the ovaries from table 2%. 


Degrees | Sum of Mean Ratios of mean 
of freedom| squares | squares squares 


Between means of sexual stages . . 680.91 


Source of variation 
| 
| 
} 


Jetween individual female means 


Within females 


Total 


87 
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| 

ita, / | 

/ | 
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| 
55.11 

| I 3.07 
155 3357.66 21.66 21.66 rere 
140 674.03 | 4.81 | 481° 
| | 303 4712.60 15.55 
87 


ARTUR HANSSON 


appears from this, there is a highly significant difference in the sizes of the 
ovaries between the various sexual stages. It is also found that within one and 
the same sexual stage the mean square is significatively greater between than 
within females. The intra-class correlation calculated on the basis of these 
mean squares is 0.648. This individual difference in the size of the ovaries is 
of course partly due to the fact that each sexual stage represents a phase of 
development which, without any definite borderline, passes over into the next. 
But apart from the correlation which arises from the impossibility of making 
the grouping sufficiently exact, there is undoubtedly an individual difference 


the size of th 


UTERINA. 


It has long been known that the mucosa of the tuba, and in the first place 
its epithelial layer, exhibits cyclic changes which are correlated with the sexual 
cycle, (MorEeavux 1913, Lone and Evans 1922, ALLEN 1922, SNYDER 1923, 
1924, AGDUHR 1927, COHEN 1927, WESTMAN 1929b, 1930, ’ESPINASSE 1935, 


ALLEN, Hisaw and GARDNER 1939 and Alden 1942). For the purpose of 


investigating whether similar changes can be proved in mink, a study was 


made of the histological material. As the epithelium in the tuba of the mink 


changes gradually from the infundibulum to the tubo-uterine junction, the 
comparisons between the different stages were made, firstly, on the basis of a 


transverse section through the ampulla, and secondly, on the basis of a 
transverse section through the central part of the isthmus. Measurements were 
of the height of the epithelial cells and the diameter of the nucleus 
(cf. SNYDER 1923, 1924). In the case of the epithelium, these measurements 
are somewhat illusory, for while at certain stages the epithelial layer is clearly 
lelimited against the underlying stroma, at other stages it is not, and therefore 
is impossible to obtain definite values, though the measurements afforded 
valuable information for comparison. 

During anestrus the amount of secretion is slight. The epithelium consists 
of columnar cells which, on the whole, form a level surface against the lumen 
of the tuba. As a rule the cell nuclei are somewhat elongated and basophilic. 
The epithelium is low, and ciliated cells are practically non-existent. The 


epithelial cells are chiefly of the intercalary or “‘peg-cell’ type, (fig. 56). 
During late pro-estrus and estrus, the lumen of the tuba is usually com- 
pletely filled with secretion. The stroma of the mucosa is of loose consistency 
and is greatly vascularized, with dilatated vessels and large lymph spaces. 
Owing to the swelling of the stroma and the abundant secretion, the tuba, when 
slightly enlarged, gives the impression of being solid, especially in the ampulla 
and the cranial part of the isthmus. The epithelium is high and forms a smooth 


surface against the lumen of the tuba. As a rule a distinct basement membrane 


88 


NA 
1) ovaries. 
2, TUBA. 
i+ 


Figs. 50—59. Section 
through the mucosa 
in the ampulla: 
56. During anestrus. 
- 57. During estrus. 
Note the continuous 
border of cilia. 
58. During the pas- 
sage of the eggs 
through the tuba. 
Note the secretion- 
droplets in the bor- 
der of cilia. — 509. 
During pregnancy. 
(Hemalun-eosin 
stained, redfilter, 
500 X.) 
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can be observed between the epithelium and the stroma. With few exceptions 
the epithelial cells in the infundibulum and ampulla are ciliated, but in the 
isthmus, and especially against the tubo-uterine junction, ciliated cells are met 
with in whole colonies only in the crevices (cf. mice ALLEN 1922, AGDUHR 
1927, and rats ALDEN 1942). In this stage the border of cilia is extremely 
beautiful, especially in the infundibulum and ampulla (fig. 57). It is remark- 
able that generally at this stage, in the case of secretion, no secretion-droplets 
or so-called balloon secretions are met with. 

After ovulation significant changes take place in the tuba. The secretion is 
still abundant, but the lumen of the tuba is not so filled out with secretion as 
during estrus. This is partly due, however, to the stroma of the mucosa being 
less edematous than during estrus. The vessels are still strongly dilatated, and 
the whole tuba gives the impression of being extremely active. The ciliated cells 
gradually decrease in number, but during the passage of the egg through the 
tuba they are still met with in appreciable numbers. ’EsPINASSE (1935) observed 
that ciliated cells lost the cilia in connection with the secretion. It has been 
possible to make similar observations in mink too, and it appears probable that 
the decline in the number of ciliated cells is due to some such phenomena. 
During this period the epithelium reaches its greatest height, as is the case in 
pigs and man (SNYDER 1923, 1924), and in rats (ALDEN 1942). The secretion 
is of a different character from that met with during pro-estrus and estrus in 
that droplets, which are more stainable than other secretions, appear in relative 
abundance, (fig. 58). ALDEN (1942) considers that these droplets are fixation 
artefacts, and this may be correct if by that is meant that in the histological 
section their picture does not correspond to their picture in vivo. On the other 
hand, it is not correct if it is a question of their occurrence, for as they only 
appear during a definite phase of the sexual cycle, they must represent a 
genuine secretion process, the task of which is probably to supply the fertilized 


egg with nutriment. 


During pro-estrus and estrus, and during the passage of the egg through 


SS 


the tubas of females which are at the same stage exhibit identically 

1e picture. As soon as the eggs reach the uterus, this conformity ceases, 

and the changes run in two directions, independent of whether the eggs have 
been fertilized or not. In the majority of cases the epithelium resumes the 
estrous appearance, which implies that the secretion-droplets disappear, and 
the ciliated cells which have lost their cilia regenerate. In the females in which 
the development proceeds in this direction the corpora lutea are inactive. In 
very rare cases does the epithelium exhibit degenerative features. The ciliated 
cells disappear, and the epithelial cells are low, with long, dense, strongly 
basophilic nuclei. The surface of the epithelium is often uneven and recalls the 
picture which SNYDER (1924) found in the human being during di-estrus and 


pregnancy. The stroma of the mucosa appears dense, its vessels are constricted, 


go 
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and the basement membrane is disintegrated. In this case, as far as can be 
judged, the corpora lutea are in an active incretion phase. This last-mentioned 


picture persists even during pseudo and genuine pregnancy (fig. 59). 


The circumstance that the mink’s tuba resumes its estrus character without 
going through the stage of degenerative changes in the form of nuclear and 
cell extrusions, reduced epithelial height and secretion, which have been proved 
in all the other animals studied (cf. ALLEN 1922, SNYDER 1923, 1924, ’Es- 
PINASSE 1935, ALLEN, Hisaw and GARDNER 1939, and ALDEN 1942), indicates 
that the female mink does not have several estrous cycles during the mating 
season. These divergencies in mink argue rather in favour of its having a long 
estrous period, which as a rule does not cease with, but is only modified by 
ovulation. 

"ESPINASSE (1935) and ALDEN (1942), among others, have questioned 
whether it is justifiable to group the epithelial cells of the tuba into secretory, 
ciliated, and intercalary cells, for they consider that everything tends to indicate 
that this division has no real basis in fact. The study of the tuba in mink has 
confirmed this view. The circumstance that during anestrus the majority of 
the cells are of the intercalary type, ciliated during the pro-estrus and estrus, 
and secretory during the passage of the egg through the tuba, affords support 
for the assumption that these cells represent different stages of the same cells, 
rather than distinct and different types of cells. 


3: UTERUS: 


During the sexual cycle the uterus undergoes far-reaching changes, owing 
to changes in the activity of the endocrine glands. In a study of the repro- 
duction in mink, owing to the variation in the length of the period between 
mating and implantation, especially the changes before implantation are of 
importance. In the earlier literature, however, mainly the decidual reactions in 
connection with implantation and the formation of the placenta were studied. 
These works could therefore be of very little service for judging the pro- 
gestational proliferations in mink. In connection with the isolation of the hor- 
mone of the corpus luteum and the assays of this hormone, however, studies 
have been also made of the changes in the uterine mucosa during the pre- 
implantation period (cf. CoRNER and ALLEN 1929, ALLEN 1930b, 1931, 
Hisaw and LEONARD 1930, McPHaIL 1934, Pincus and WERTHESSEN 1937, 
and others). These works and those of ALLEN 1922, LoncG and Evans 1922, 
DEANESLY and PARKES 1931, LEONARD, Hisaw and FEvoLD 1932, MARKEE 
1932, ROBSON 1932, 1933, Foster and Hisaw 1935, REYNOLDS and KAMINESTER 
1936, Ltoyp 1937, HEcKEL and ALLEN 1937, GRANDALL 1938, Lyon and 
ALLEN 1938, HOOKER 1940, KREHBIEL 1941 b, and in particular the detailed 


histological analysis of the changes in the uterine mucosa in cats by Dawson 
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Section through the uterus-mucosa: — 60. During anestrus. 
estrus. (Hemalun-eosin stained, redfilter, 600 X.) 


and KosTers (1944) and in mice by HooKER (1945), have been of assistance 
in the studies of the changes in the uterus of the female mink. 

During anestrus the transverse section of the uterus has a more or less 
regular oval appearance. The vascular supply is slight, and the vessels are 


constricted. The muscularis and mucosa are low, and in the latter the diameters 


of the glands are inconsiderable. The secretion cells are low, with basally 


situated cell nuclei. Owing to the inconsiderable lumina of the uterine glands, 
the surface epithelium appears to be continuous and forms a layer which is, 
on the whole, compact (fig. 60). 

During pro-estrus and on to estrus, the uterus increases greatly in size. This 


growth is due partly to the increased vascularization and dilatation of the ves- 
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-03. Section through the uterus-mucosa: 62. During the free-vesicle stage 
During the onset of implantation. (Hemalun-eosin stained, redfilter, 600 X.) 
sels, which leads to an increased accumulation of fluid in the tissues, and partly 


to mitotic activity in the latter. These changes proceed continuously up to the 


time of estrus. At that time both the muscularis and the mucosa are greatly 


thickened. In the mucosa the uterine glands especially are greatly developed, 
firstly by means of cell division in the gland epithelium, and secondly owing 
to an increase in the volume of the individual cells. Their lumina are enlarged, 
so that the surface epithelium no longer appears to be continuous. The cells 
in the latter are also considerably higher than previously, but both in the 
glandular and in the surface epithelium the nuclei are still situated basally 
(fig. 61). 
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Dawson and Kosters (1944) were able to show clear changes in the 
uterine glands in cats 48 hours after they had been mated, and in the surface 
epithelium after 96 hours. These changes showed themselves in the form of 
mitotic activity, especially of the glandular epithelium, and of deposits of gly- 
cogen in the glandular cells, and in the surface epithelial cells, the nuclei of 
these cells being apically displaced. In cats the deposits of glycogen reach their 
maximum on the seventh day after mating. At that time the uterine glands 
dilate greatly towards the uterine lumen. As a result of this, the luminal sur- 
face has a fringed or hillocky appearance. In assays of progesterone pro- 
gestational proliferations are not spoken of before this latest stage. 

In mink, after they have ovulated and during the free vesicle stage, no 
tendency towards increased deposits of glycogen or an apical displacement of 
the cell nuclei in the glandular and surface epithelium can be traced. Nor can 
any such intracellular edema be recognised as HOOKER (1945) found in mice, 
as a result of progesterone injections (fig. 62). Not until the blastula, when 
flushed out, shows a tendency to adhere to the mucosa do we meet with 
maximum deposits of glycogen, apically displaced nuclei, and commencing 
ringing of the luminal surface (fig. 63). 

The further development of the uterine mucosa is dependent on whether 
biastulae are present in the uterine lumen or not. If there are no blastulae, the 
fringing of the luminal surface continues, and the large folds in the mucosa 
become typically tree-shaped in appearance, owing to the enormously enlarged 

of the glands (fig. 65). At this stage the whole mucosa constitutes a 
greatly ramified supporting tissue, in the fibres of which vessels and nerves 
ramify. These connective tissue fibres are usually coated with a single layer 


high cylindrical epithelial cells. As can be seen by comparing f 


) fig. 65 with 

64, the uterine-mucosa of pseudo-pregnancy resembles that of early 
pregnancy. The length of the pseudo-pregnant condition appears to be consider- 
able. Thus 40 days after the mating no signs can be traced of regeneration of 


the mucosa. 


VAGINAL CONTENTS 


STOCKARD and PAPANICOLAOU (1917) had shown on the guinea-pig 


these changes in the vaginal epithelium which are correlated with the 
estrous cycle could be followed by means of studies of the celiular structure 


vaginal smear, this method was employed in a very large number of 
tigations, partly to study the estrous cycle (LonG and Evans 1922, ALLEN 
22, SELLE 1922, HAMMOND 1927, KUNDE and PRoup 1929, TINKLEPAUGH 


and CAMPENHAUT 1931, PAPANICOLAOU 1933, GRANT 1934, YOUNG, MYERS 


and JENNISON 1934, Foster and Hisaw 1935, YOUNG 1937, GRIFFITH and 


AMOROSO 1939, JOHANSSON 1941, etc.), and partly as a method of assaying 


the ovarian hormone (ALLEN and Dolsy 1923, KAHNT and Dolsy 1928). 
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Figs. 64—65. Section through the uterine mucosa: — 64. Showing the fringing of the 

mucosa in early implantation. Note the ingrowths of the blastodermic vesicle. — 65. Show- 

ing the fringing of the mucosa in early pseudopregnancy. (Hemalun-eosin stained, red- 
filter, 600 X.) 

The vaginal smear tests have the advantage over studies of the vaginal 
epithelium after autopsy that the changes can be followed during an unlimited 
period. It has, however, certain weaknesses which must not be overlooked. 
Wabe and Dotsy (1935) and Emery and SCHWABE (1936) have shown that 


especially the cotton swab method frequently results in positive estrus-like 
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ars are taken daily or more frequently. This source of error can 
by only taking vaginal secretion specimens every other day, and 
ing the cotton swab method. GRANT (1934) pointed out that, as 
time, the vaginal secretion test does not give a true picture of the 
epithelium in sheep, for the cells in the secretion may have been 


minated off at an earlier point of time but have remained in the vaginal 


[his source of error asserts itself especially in animals with a cyclical 
‘retion, as in the case of sheep and cows; but in, e.g., the mink, 
re the vaginal secretion is never very large, it plays a less important role. 


\ method which combines the advantages of autopsy with those « 


yf the vaginal 
ion test was employed by Dawis and HARTMAN (1935), namely frequent 


opsies in the vagina. This method, which is very effective with larger animals, 
be employed on mink for any considerable time, owing to the small siz 
vagina. 


The studies of the 


ndirectly by taking specimens 


vaginal epithelium in mink were chiefly carried out 
of vaginal secretions. In some cases the vagina 
was histologically elaborated after autopsy in order 
tion tests. To avoid the artificial production of estrus-like smears, the specimen 


| 
silver loop an 


to verify the vaginal secri 


taken with a | not more frequently than every other day. A 
preparation was made of each specimen, fixed in alcohol, stained with 
ind hemalun, and mounted in Canada balsam. As appears from table 

inal ‘imens were taken, which are distributed over 
the sexual stages being represented. 


yf Specimens of vaginal smears over 


Months Number of smears 


Total 


is extremely inconsiderable, even during 
the specimens were therefore made exclusivel\ 
structure of the smear cells, which may be divided 


following componen 
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2. Vaginal epithelial cells, large, irregular and cornified with more or less 
visible nuclei. 
3. Vaginal epithelial cells, small, autolysed, with clearly stainable nuclei. 
Leukocytes, mainly polymorphonuclear. 


5. Cell detritus of various kinds. 


l‘urthermore, there is the desquamation of massive character, in which 


everal layers of more or less cornified cells are cast off synchronously from 


the vaginal surface. 
During September and Novemb« 


here 1s extremely little secretion in 


extremely rare cases of cornified ce 
At the end of January this anestrt 
The vaginal secretion, i 
;, and among the components rather large, more or less cornified 
epithelial cells predominate 
miscellaneous cell detritus are met witl arsely, but leukocytes €Xtr 
During the d on 1 e estrus, the 
the large irregularly shape yithelial cells becoming 
‘ger, but at the same time thinner, and owing to this they hav 
racteristic tendency to roll up at their corners in the preparation (fig. 67). 


Some davs before estrus, a tender “ in also be proved in 
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tne 

towards an jsncreaset Of mucus. Che cnanges 1n ne vagina 
] 


ecreti lurine ke place lowly that n Finite changes can 
secretion during pro-estrus take pla sO SLOWLY at no detinite Changes Can 


be proved in the course of a few days. ENDERS (1939 a) considers that in mink 
found clear changes from two days before mating up to the matin 
large number of secretion specimens which were 
the present author’s investigations and 
results do not appear to be generally applicable. 
mmediately after copulation, the vaginal secretion contains abundant 
secretion originating from the semen. On the other hand, there 
ely few cells from the vaginal epithelium, and it seems 
of mating had entirely emptied the vagina of its own secrett 
\fter ovulation a marked tendency is found towards an 
cornified irregular epithelial cells, which often appear in whole colonies. As 
‘an be judged, these correspond to the “cheesy mass” of STOCKARD 
1d PAPANICOLAOU (1917) and to the massive desquamation or delamination 
of epithelial cells described by several other authors. A remarkable circun 
stance is. however, that, in the other animals examined, the desquamation pro 
cess is followed by a heavy infiltration of leukocytes into the vaginal epithelium, 


which also penetrate into the lumen and consequently appear in the secretion. 


A. Z. 1947 


Q7 
eee the vagina. The components consist of 
ccasional autolysed epithelial cells, leukocytes and various cell detritus, and in 
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71 


Figs, 66—71. The vaginal contents during: 66. Proestrus. 67. Estrus. 
desquamation 69. Leukocytic invasion. 70. After the leukocytic invasion. 


ring gravidity. (Hemalun-eosin stained, greenfilter, 100 X.) 


This is not the case in mink, in which only masses of more or less cornified 
epithelial cells, which remain for some days, are met with, after which their 
number diminishes, and the secretion again assumes the estrus character. Thus 
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six to seven days after mating, all the tema 
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es, with very few exceptions, 


exhibit the estrous picture. In the cases where the female is not mated again. 


- or shorter period, independently of whether the 
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female is pregnant or not. This estrous stage has its counterpart in the ovary 
in the inactive phase of the corpora lutea, and in the tuba and uterus in a more 
or less clear estrous picture. Thus the adnexal organs exhibit complete agree 
ment, which is not surprising, for, as ALLEN (1922) says, “The oviduct, uterus 
and vagina have a common origin from the mullerian ducts, so possibly factors 
causing cyclic changes in the uterus and vagina may be expressed in some 
way in the oviducts”. 

As the prelude to the final disappearance of the estrous picture, a violent 
increase takes place in the cornified cells in the smear, which appear in whol 
colomes, and a definite desquamation of the cornified layer takes plac 
(fig. 68). This is followed by a heavy infiltration and invasion of poly 
morphonuclear leukocytes (fig. 69). At the same time numerous, small, rounded, 


healthy epithelial cells appear 
in the smear (figs. 69 and 70). 
During pregnancy the vaginal 
secretion contents resemble 
those during anestrus. The com- 
ponents consist of autolysed epi- 


thelial cells, miscellaneous cell 


detritus, and a few cornified 
epithelial cells (fig. 71). 45h 


In order to investigate the re- i das 
lation between the final desqua- Interval between mating and final desquamation 


Length of gestation in days 


mation and implantation,anum- Fig, 72. Length of the interval between mating and 
final desquamation in relation to the length of 


ber of females were studied 
gestation in 19 females. 


by means of vaginal secretion 

tests every other day from the time of mating until the final desquamation took 
place. Of the females 19 gave birth to cubs. In these 19 females both the length 
of the interval between mating and the final desquamation and the length of 
the gestation period could be estimated. However, it proved none too easy to 
determine exactly the onset of desquamation, partly because this process begins 
more abruptly in certain females than in others, and partly because the tests 
were made only every other day. The point of time of desquamation was taken 
to be the first appearance in the vaginal secretion of considerable numbers of 
leukocytes. In fig. 72 is shown the relation of the length of the interval 
between mating and the final desquamation to the length of the gestation 
period. A calculation of the coefficient of correlation gave the figure 0.g18***, 


and the coefficient of regression reached the value 1.079. Thus the time of 


onset of the final desquamation must be intimately related to the renewec 


activity in the corpora lutea and to the onset of implantation. 
3y way of summary, it may be said that the changes in the vaginal secretion 


in mink conform entirely with conditions in other animals up to the estrus 
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‘riod, however, the changes from anestrus to 
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secondly the length of gestation for the females were 
expected length calculated in the same way as in table 27, 


autopsies were performed on some of the females. 


I. ADMINISTRATION OF PROGESTERONE WITH AND WITHOUT SIMUI 
TANEOUS ADMINISTRATION OF SMALL AMOUNTS OI] ESTROGEN TO 
MATED, NORMAL AND OVARIECTOMIZED FEMALES 

| the corpora lu luring the fr 
and ‘ircumstance that the female exhibits estrus, permits mating, 
ovulates during that period, indicate a deficient secretion of progesterone. 


is also confirmed by the histological 


secretion. As WEICHERT (1939, 1940) consider 


injection of progesterone into lactating rat 
experiments were made on mink, 
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sterone distributed over 5 injections 2—10 days after mating, and as the im- 


plantation took place 16 days after mating at the earliest, it is not probable that 


the injections affected the implantation. The discrepancy was probably entirely 


due to chance. 

In the other two experimental groups the hormones were given by means 
f injections every day and every other day respectively, from the 4th up to 
the 25th day after mating. As appears from the table, there is no appreciable 
lifference in the actual and the expected length of the gestation period, and 
thus the injections did not affect implantation. Nor did a study of the vaginal 
secretion reveal any effect from the injections. The character of estrus per- 
sisted, in spite of the injections of progesterone, nor was the time for the final 
desquamation of the cornified layer and the massive infiltration of leukocytes 
affected. Nor could any effect from the injections be traced at the autopsies 
on three females made in association with the experiment. Both the tuba 
and the uterus exhibited the estrous picture. The latter was turgid, with strongly 
dilated vessels and large lymph sinuses. Both the surface epithelium and _ the 
epithelium in the uterine glands exhibited the typical estrous character. This 
negative result will probably not be due to the amounts of progesterone supplied 
having been too small, for Htsaw, GREEP and FEvoLp (1937) obtained fully 
developed progestational reactions even with the administration of 1.00 mg of 
progesterone daily to ovariectomized rabbits, and Pincus and WERTHESSEN 
(1938) obtained normal implantation and pregnancy with the administration of 
the same amount of progesterone daily to ovariectomized rabbits, as was con- 
firmed by Jost (1939) and CovurRRIER and Jost (1939). Hisaw and GREEP 
(1936) showed that 0.50 mg of progesterone daily, together with 25—200 RU 
of estrogen, led to a clear progestational proliferation in castrated monkeys 
after 19—32 days. As both rabbits and monkeys are considerably larger than 
mink, it might be expected that smaller amounts of progesterone would lead 
to progestational reactions in mink. The negative result, therefore, indicates 
rather that the effect of the progesterone was suppressed. As Hisaw and 
LEONARD (1930), ALLEN (1932), and LEonarp, Hisaw and FEvoLtp (1932), 
showed that, in considerable amounts, estrogen has a marked antagonistic 
effect as against progesterone, it readily suggest itself to assume that the in- 
jected estrogen, or the estrogen increted by the ovaries suppressed the effect 
of the progesterone. To investigate this question an experiment was carried 
out with injections of progesterone only. The experiment was made on 30 
females, and the amount of hormone injected was varied in the same way as 
in previous experiments. 

As appears from table 32, the females which were given the smallest amount 
of progesterone exhibited gestation periods which were shorter by 3.1 days 
than had been expected. As these females, like the corresponding ones in table 


31, were given progesterone distributed over 5 injections 2—10 days after 
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Table 32. Influence of injections of synthetic progesterone on length of gestation 


Total amount of | Number of females Number Mean length of gestation 
| injected progester- of cubs per 


one in mg | total | pregnant female actual | expected | difference 


49-3 
58.0 


Total and mean 30 


’ Two females autopsied. 


mating, and as implantation took place at the earliest 15 days after mating, it 
does not appear probable that the injections affected the implantation. In the 
other three groups which were given progesterone injections every day and 
every other day respectively from the 4th to the 25th day after mating, the 
gestation period was somewhat longer throughout than had been expected. A 
similar protraction of gestation was also found in experiments with lactating 
mice, (Pincus 1936). Thus the administration of progesterone alone did not 
promote implantation. Nor did a study of the picture of the vaginal secretion 
reveal any effect due to the injections of progesterone, for the cornified epi- 
thelial cells remained even after the injections, and the time of the final de- 
squamation was not affected. Nor did the histological picture of the tuba and 
uterus of the two females which were killed in association with the experiment, 
exhibit any progestational reaction as a result of the treatment. 

As the amounts of progesterone administrated should in themselves have 
been sufficient to cause a decidual reaction, the question arises whether the neg- 
ative result may be due to the synthetic progesterone not being fully equivalent 
to the estrogen-free incretion substances in the corpora lutea. However, in- 
vestigations by CoRNER (1937), PHILLIPS (1937), MAKEPEACE, WEINSTEIN 
and FRIEDMAN (1937), HECKEL and ALLEN (1937), LLoyp (1937), Pincus 
and WERTHESSEN (1938), PHiLitips and YounG (1938), ALLEN and HECKEL 
(1939), Jost (1939), COURRIER and Jost (1939), HOOKER (1940), M@OLLER- 
CHRISTENSEN and Fonss-BEcH (1941), showed that synthetic progesterone, 
like extract of corpus luteum, has the capacity of suppressing estrus, giving 
rise to progestational proliferation, rendering implantation possible, and main- 
taining pregnancy. It does not therefore seem probable that the negative result 
is due to qualitative differences between the synthetic progesterone and_ the 
estrogen-free incretion substances of the corpora lutea. 

As has been repeatedly pointed out, during the free vesicle stage the female 
exhibits the estrous picture in the tuba, uterus and vaginal secretion, in her 
willingness to mate, and in ovulation. This indicates an active estrogen incretion, 


103 


103 
| 52.4 3:1 
| 0.95 
| 57.9 + 0.2 
5/ +9 
.20 
| 53.0 50.5 + 2.2 
$.00—9.75 10 ) 3.75 
| 54.6 50.7 + 3.9 
5 5 3.00 54.6 50.7 
10.50 —13.25 6 5 3 
ee 23 3.29 54.8 53-7 


ARTUR HANSSON 


. considerable amounts has an antagonistic effect on the 
suggests itself to assume that it is this estrogen in 

1, even in the cases where the supply of 
administrated by means of injections. CouRRIER and 
in cats implantation can easily be pre 
If this assumption is correct, 11 

and possibly implantation 


estrogen and then supplying 


‘tomy was performs 


‘ly after the tin 
pass down into the uterus. 
the ectomization was pet 
techniqu 


inclinat1o1 


shi WS both that 


-etion of estrogel 


104 
and as estrogen 1 
progesterone, it rej 
cretion which prey 
eron | 
pros S ha 
Gros (1932, 1935 
vented by means « 
11 1 
should be possible 
in mink by first eliminating the incretion 01 a 
progesverone. 

For the purpose of investigating this question, 

n 1946 on 5 mated Temaies, mediately Detore O!1 

when it was calculated that the fertilized egg wou 1 

In order to avoid damaging the fur unnecessarily, 

formed through a short incision in the linea alba. 

was unfortunate, however, for the females operated upon shows lan -_ 
to nroug he sutures, which led to he de: 1 Of hree temates berore 
h taken place in accordance with the experimental plan. A 
If the incision had been made dorsally, this migh have been prevented. 

U1 ( It S Was ¢ omized 9 days after mating and was subsequen ; 
oven 200 mo of progesterone daily in two injections. An autopsy was mad 

ours | 11 ti Os ne ur? 117\ Vpica eStTus. 1 itt 

is 1] ex nation confirmed this obs on. but on the other hand ne 
e 11 tions ot progesterone could be traced. Phi olycogel 
S n the surtace a1 ndular epithelium was not especially strixing, an 

no ring of the sur epithelium could be observed. The result shows, 
wast ce, for OV 7 ¢ Oa reg cic eS ous phas nN } 

One of tl mal s ectomized 6 ys al mating and was subsequently 
siven,. firstly, 1.00 mg Ot p sterone ilv in two injections, and seconds 
prog 

‘ 1 1 ] \ 

y 1U ot estrogen on rst and Ath days atter the ectomization. /AM dulopes 
was performed 7 vs after the operation. When the right uterus horn was 

/ I 
] 17 4 cto = | in which h ot dev 

opme! rresponded hat shown in fig. 38. exhibited th 

was shown in section V1 O ( ne Cas with con icing nplantation. 1 he 
he 1 disanneared md in ne surtace al 1 Giandular Cp 
urgid utert id disap] 
thelium glycogen had been deposited in such a way th he cell nuclei wer 

apically placed. In the lumen of the uterine glands there was also abundcan 
pica placed. In 

The necks of the uterine glands U stended that a commencing 

fetnoine of the surface epithelium could be observed. This PS 

variectomizati resulted in tl Jimination of an active 1nc__—_s 

ovarvectomization resulted 1e an aCtl\ Incl 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 


and that, after the elimination, a supply of synthetic progesterone may give ris 
to such decidual reactions that implantation can begin. 

The experiments carried out thus showed that a supply of progesterone, with 
or without a simultaneous supply of small amounts of estrogen, to normal mated 
females during the free vesicle stage does not affect the uterus or implantation, 
for the incretion of estrogen which takes place in the ovaries during this phas« 
suppresses the effect of the progesterone. If this incretion of estrogen is 
eliminated, the progesterone injections lead to decidual reactions. The delay 
implantation in mink is thus dependent on a continued active follicular phas: 


during the free vesicle stage. 


2. ADMINISTRATION OF ESTROGEN TO NORMAL MATED FEMALES. 


It is probable that the active follicular phase in the ov: 


vesicle stage does not depend on the ovaries themselves, but that it is reg 


by the anterior pituitary. Administration of estrogen ha “oved 
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the estrogen injections were given on the days before the mating. The length 
of gestation for these females was normal, and the fertility even very good. 
Manifestly the injections had no effect on the length of gestation. In the other 
three groups the injections were given immediately after the matings, for it 
proved difficult to induce mating in association with previous injections. As 


ippears from table 33, the gestation period increases both absolutely and re 


latively to the expected gestation period. The smallness of the number of fertile 


iemales precludes any definite conclusions, but the results may possibly be 
nierpreted as indicating a tendency for the large estrogen injections further to 
delay implantation. In this case autopsy was carried out on only one female, 
but the histological picture and the studies of the vaginal secretion only showed 
1 persisting estrous condition. 

The low fertility exhibited by the last three groups is worthy of notice. It 
seems probable that it is mainly due to the estrogen injections having tem- 
porarily had a checking effect on the release of follicle-stimulating hormone 
from the anterior pituitary, which resulted in the number of ovulated follicles 


being reduced (cf. page 51). 


ADMINISTRATION OF GONADOTROPIC SUBSTANCES OF URINE (PU) 
AND BLOOD SERUM (PMS) TO NORMAL MATED FEMALES. 


WEICHERT’S (1939, 1940) positive results from the treatment of lactating 
rats with gonadotropic substances of pregnancy urine led to experiments with 
gonadotropic substances on mink also. In the present author’s unpublished in- 
vestigations it is shown that the female mink can be brought to ovulate by the 
injection of PU and PMS. With the object of preventing this effect, the in- 
jections were only given during the first four days after mating, i-e., during 
the refractory stage in ovulation (cf. page 46). 

The experiment was carried out on three groups, each of 8 females. One 
group was given PU, one PMS, and one equal parts of PU and PMS. Each 
group was divided into 4 sub-groups, three of which were given 150, 450 and 
700 IU of hormones respectively, distributed over 5 injections, and one group 
600 1U of hormone in 2 injections. As there were no appreciable differences 
in the results as between the different sub-groups, the latter have been thrown 
together in table 34. 

As appears from this table, all the groups exhibited very low fertility. This 
is particularly true of the females which were given injections of PMS. Only 
one of them gave birth at all, and then to one cub, which was stillborn. An 
autopsy on one female in this group, 8 days after mating, revealed ovaries ex- 
hibiting numerous vesicular follicles, whose theca interna had proliferated and 
penetrated into the antrum folliculi. This characteristic thecal luteinization 
appears to tally exactly with what was found by SELEY, CoLLip and THOMSON 
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Table 34. Influence of injections of the gonadotropic substances P. U. and 


P. M. S. on length of gestation. 


| Total amount of injected | Number Number | Mean length of 


hormones in I. U. of females of cubs gestation 
P.M. S. | total | pregnant | female* | actual| expected | difference 


150—700 | (67 50.2 (+ 6.8) 
7 5 
8} 50.9 0.6 


75350 8" 


52.6 23 


| Total and mean| 24 9 1.05 3. 51.6 + 2,2 


*One female autopsied. ? Only still-born cubs. * Only still-born cubs in two females 
Calculated only on living cubs. 


4 
(1934) in rats after the injection of gonadotropic substances. The uterine 
mucosa in this female exhibited a hyperestrous reaction, with an enormous ac 
cumulation of fluid. 

Two of the females which received PU gave birth to normal litters, in two 
cases only one cub was born, and the remainder had no cubs. The injection 
of PU, too, led to an abnormal accumulation of fluid in the uterine mucosa, 
and the theca interna of the vesicular follicles had proliferated. When PU 
was injected, however, the changes were not so pronounced as when the 
females received PMS. 

The group which were given equal parts of PU and PMS were inter- 
mediate between the two preceding groups, as regards both fertility and the 
changes in the ovaries and uterus. 

As appears from the table, the injections tended to prolong gestation instead 
of shortening it. Thus this result is entirely contrary to that reached by 
WEICHERT (1939, 1940), but fully tallies with the results obtained by TEEL 
(1926), Hain (1932, 1934), SNYDER (1934), Hooper and KiNG (1935) and 
KING (1938). 


DISCUSSION. 


The experimental investigations have shown that the great variations in the 
length of gestation of the female mink is due to the circumstance that, after 
its passage through the tuba, the blastula enters into a phase of relative rest, 
which varies in length. This gives rise to a question of very great importance 
in principle, namely whether this stage of rest is due to the blastula itself, or 
to the fact that the uterine mucosa is not ready for placentation. BRAMBELL 
(1937) considered that the delayed implantation might be due to the cessation 
of the development of the blastula before the implantation stage, and that this 


in its turn might be due to an insufficient incretion of growth-stimulating 
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the other hand, it appears more probable that the retardation of embryonic 


development is due simply to the delayed placentation. 


y 
During the stage of relative rest of the blastula, the female exhibits estrus, 


permits mating and ovulates, as is shown by the experimental investi 
During the same stage there is a more or less pronounced estrous con 
the tuba, uterus and vagina, at the same time as the corpora lutea exhibit a 
inactive picture. During this stage supplies of progesterone of up to 
lay, with or without a simultaneous supply of small amounts of 
pr rceptible effect on the female’s est: 
implantation. On the other hand 


+ 


performed. The estr 


in the 


Irradiation experiments 
plantation. As has been 1 
by way of the hypophysis. 

and progesteron 

turn, be 
gonadotropic substances in the 
a discussion of the underlyi 
», the complicated and still not full lucidated inter lay between the anter1 


itary and the ovaries must also be dealt with. In view of the numer 
Investigalions Which have been carr 


discuss this problem i ‘tail withou 


SMITH (1939) and FEVOLD (19391 


By means of hypophysectomy a ra | the stalk of the hypophysis 
various animals and at dift { | stages, it has been shown in a larg: 


1 


4 - 1.54 +1, 
ber intimately regulates the 


ovaries. ecton cannot, how 


e HIsaw and 


substances with gon 


ffects from the anterior pituitar which was firm yy LEONARD, 
d FrEvotp (1932), WALLEN—LAWRENCE (1934), [FEVOLD and 
1934), Evans, Korpt, SIMpson, PENCHARZ and WONDER (1936), 


IQ4I ) and others : “ay has been opel 


1 


is between the anterior pituit 


IEVOLD et al. (1921 


IOQ 

n 

n 

g 

1S 

JUS U 14 I 4 SES, a8) 1S 

egin HZ uterine mucosa, and implantation is promoted. All this together is 

ery strong evidence that during the free vesi stage there is such a ng 

n the incretion of estrogen and progesterone in the ovaries that the changes 

T In the uterine mucosa necessar\ for the plac it10n cannot tale pla e, nd this 

4 1 ts ] +44) 
ie prevents the implantation of the blastula. 

NS 

ot 

q iV 

of 

tivities of the eves, render pos 

sible detailed analysis of the relation between the anterior pitu y and th 

ovaries, tor he same time all the substances in the anterior pituitary which 

possibly affect the ovaries are dininated, Lc oNARD 

(1931) succeeded in isolating two differerrt 3dotropi: 

HIsaw 

HISAW 

STWOOD 

the inter-relatic} iS ary and the ovaries. Of the two 

substances that Ei) succeeded in isolating, one has prove 


ARTUR HANSSON 


to regulate follicular development from the commencing antrum stage, and 
has, therefore, been designated the follicle-stimulating hormone (I. S. H.), 
The other substance has proved to regulate the luteinization, firstly of normal 
corpora lutea, and secondly of theca interna in the case of follicular atresia, 
and finally, also to regulate the estrogen incretion and ovulation. It has, ther 
fore, been designated the luteinizing hormone (L. H.), (cf. FEvo_tp, H1tsaw 
and LEONARD 1931, FEvoLpD and Hisaw 1934, WALLEN—LAWRENCE 1934, 
EVANS, Korpl, Stimpson, PENCHARZ and WONDER 1936, FEVOLD 1939 a,b, 
1941, FEvotD and Fiske 1939, ASTwoop 1941, and others). It has proved, 
however, that the incretion of F. S. H. and L. H. in the anterior pituitary is 
also affected by the estrogen incretion in the ovaries. When the estrogen in 
cretion rises, the release of follicle-stimulating hormone is arrested, at the same 
time as the release of luteinizing hormone is promoted, (cf. SELYE, CoLLip and 
THOMSON 1935, WiTscHI and PFEIFFER 1935, WOLFE 1935, DEMPSEY 1937, 
FEVOLD 1939b, FEvoLD and FIskE 1939, MERCKEL and NELSON 1940, and 
Astwoop 1941). Thus here we are in the presence of an intimate reciprocal 
action between the ovaries and the anterior pituitary. On the other hand, the 
relation between the anterior pituitary and the incretion of progesterone by 
the corpora lutea has long been a perplexing question. Hypophysectomizations 
have shown that during the earlier phase of pregnancy the hypophysis is ne 
cessary for the normal development and functioning of the corpora lutea. 
Further, in a series of investigations it has been shown that progesteron 
suppresses estrus and prevents ovulation. This implies, firstly that the anterior 
pituitary regulates the incretion of progesterone, and secondly that the incretion 
of progesterone affects the anterior pituitary. Astwoop and FEVoLD (1939) 
and BurpicK (1942) have shown, however, that if progesterone is supplied 
immediately after mating has taken place, the normal development of the 
corpora lutea is prevented. On the other hand, if progesterone is supplied after 
the corpora lutea have developed, the incretion activity of the corpora lutea is 
not impeded. From this Astwoop and Frvorp concluded both that pro 
gesterone prevents the release of the gonadotropic substances (I. 
L. H.) from the anterior pituitary, and that the progesterone incretion by 
corpora lutea must be regulated by a third gonadotropic factor from 
anterior pituitary. ASTwoop (1941) also successfully isolated from the anterior 
lobe of the hypophysis of sheep a substance which was free from follicle 
stimulating and luteinizing hormone. Further, Astwoop was able to prove that 
it was not identical with the growth and adrenotropic factors, and that it did 


2 


give rise to proliferation of the mammary lobules in hypophysectomized 
rats. This latter fact proves that in all probability it is not identical with pr 


lactin, from which it otherwise proves difficult to separate it. This substance, 


which Astwoop calls luteotrophine, proved markedly to stimulate the incretion 


of progesterone, and it was therefore assumed to be the hypophysis factor 
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which regulates progesterone incretion. In this connection it is of interest that 
EVANS, SIMPSON, Lyons and TURPEINEN (1941) found that deciduomata cannot 
be induced by means of traumatization in hypophysectomized female rats which 
have been treated with follicle-stimulating and luteinizing hormone from the 
anterior pituitary. On the other hand, if such females are treated with prolactin, 
deciduomata are obtained after traumatization, provided that ovariectomization 
has not been performed. Thus in this case the prolactin worked by way of the 
ovaries. SYDNOR (1945) also arrived at similar results. Viewed in the light of 
Astwoop’s results, this indicates that the prolactin employed in these ex 


periments was not free from luteotrophine. Astwoop has also especially 


pointed out the difficulties in separating these substances from each other. 
These experiments with prolactin therefore constitute a certain support for the 
correctness of the results reached by Astwoop (1941). 

If we proceed from the assumption that the anterior pituitary of the female 
secretes three different gonadotropic substances, the hormonal regulation of 
reproduction may conceivably take place as follows (cf. also Astwoop 1941). 
Oogenesis and follicular development up to the commencing antrum stage take 
place independently of the anterior pituitary. Under the influence of external 
factors the anterior pituitary enters an active incretion phase, follicle-sti 
mulating hormone being increted and released. As a result of this, vesicular 
follicles are formed and continue to grow. A spontaneous estrogen incretion 
appears to accompany this follicular growth and stimulates the anterior pituitary 
to increte luteinizing hormone. As a result, the granulosa in the larger follicles 
proliferates, ovulation takes place, and the corpora lutea are formed. At the 
same time the luteinizing hormone appears to stimulate estrogen incretion, 
resulting in the release of follicle-stimulating hormone from the anterior 
pituitary being suppressed, which in its turn implies that, after the commencing 
antrum stage, follicular development ceases. By the release of luteotrophine 
from the anterior pituitary the corpora lutea are stimulated to increte pro 
gesterone. This leads, firstly, to the release of luteinizing hormone from the 
anterior pituitary being suppressed, which in its turn leads to a decreasing 
estrogen incretion and the cessation of estrus, and secondly, to the uterine 
mucosa being prepared for implantation. Progesterone incretion, however, 1s 
not completely dependent in all animals on the anterior pituitary, but towards 
the end of pregnancy this regulation may be taken over by substances, the 
so-called cyonins (Astwoop and GREEP 1939), which are increted by the 
placenta. The hormonal mechanism sketched here applies only to the cases 
where ovulation and the formation of corpus luteum are not dependent on 
mating. In the case of the non-spontaneous ovulation, copulation will probably 
condition the release of luteinizing hormone, and in the case of the activity in 
the corpora lutea in mice and rats which is dependent on mating, copulation 


will probably condition the release of luteotrophine. 
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VIII. FACTORS AFFECTING FERTILITY. 


l*ertility is the net result of all the phases of reproduction, from copulation 
it is determined, firstly by 


to parturition. As HAMMOND (1941) pointed out, i 
secondly by how many of them are fertilized, and 


the number of ovulated eggs, 
implanted and develop normally 


Are 
are 


thirdly by how many of the fertilized « 
up to parturition. To obtain a picture of the effectivity of reproduction in 


mink and the factors which affect it, the experimental and the statistical data 
have been analysed. 


\. THE CORRELATION BETWEEN THE NUMBER OF OVULATED 
\ND IMPLANTED EGGS AND THE NUMBER OF CUBS BORN. 


MAINLAND (1927) found that 0.1I—1.5 per cent of all the follicles in ferrets 
such follicle was met with 


1. 


were pluriovular. In the case of mink only one 
mong the thousands of ovarian sections which were scrutinized. One can 


herefore assume that in mink the number of ruptured follicles constitutes a 
very safe measure of the number of ovulated eggs. In what follows, therefore, 


the number of fc 
nt to the number of ovulated eggs. 


when mention is made of es ruptured, or of corpora 
lutea formed, this may be taken as equivalen 
Table 35. Number of ruptured follicles. 


follicles 


Number of ruptured 
13} 14] 15 


Number of ovulations 
The number of corpora lutea formed after 
120 ovulations from the experiments are collocated in table 
number of corpora lutea varies from 3 to 17, and on an average 8.73 
| has been arranged according to the dates 
1 tendency towards a greater 


0.30 


were formed. In table 36 this materia 
of matings, from which it emerges that there is < 


Table 36. Influence of date of mating on number of ovulated follicl 


Date of matings in Maré 


Number of ovulations 
Total number of ovulated follicles 


Mean 


A. Z. 1947. 


113 
3 4 17 
2 —6 7—14 | 15—22] 23 
16 29 51 24 
2% 131 260 471 192 
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number of ruptured follicles in the middle than at the beginning and the end 
of the mating season. 

Owing to the way in which the experiments were carried out, it is not 
possible to determine how large a proportion of the ovulated eggs were ferti 
lized. On the other hand, the number of implanted foetuses was computed for 
21 females which were killed during the first stage of pregnancy, the num 
bers in the right and left uterine horns being entered separately. For the right 
uterine horn this was 4.05 and for the left 3.24. The difference and its mean 
error, 0.81 + 0.32, indicate a significant difference between the two uterine 
horns in respect of the number of implantations. It has not been possible to 
determine whether this is due to a difference in the two ovaries in respect of the 
number of ovulated eggs or to other factors, as when the ovaries were fixed 
they were not kept distinct. Altogether for these 21 females an average of 
7.29 + 0.29 foetuses had been implanted. As it appears probable that a number 
of implanted foetuses had succumbed and been resorbed before the autopsies, 
this value is probably lower than the actual value for the number of implanted 
blastulae. The fact that a considerable number of ovulated eggs succumb be 
+h eggs are often 


Q 


fore implantation is proved al y the circumstance that suc 
net with in the uterus. In fig. 73—74 examples of such eggs are shown. 

To render possible a comparison between the above values for the number 
of ovulated eggs and implanted foetuses and the number of cubs born, the 
last-mentioned value has been calculated for the total Quebec material. Thi 
average litter size for 2,380 births was 4.37 + 0.005. If this value is compared 
with the number of implanted foetuses, it is found that a very large proportion 
of them succumb before parturition. It was possible to verify this, too, from the 
experiments. In this connection may be mentioned the remarkable circumstance: 

in the majority of cases, the foetal resorption affected the foetuses which 
were implanted nearest the corpus uteri. Examples of foetuses in process of 
being resorbed are shown in fig. 75. 


If the number of ovulated eggs is compared with the number of implanted 
foetuses and cubs born, it is found that of 100 eggs an average of 83.7 ar 


and 50.2 result in cubs. Thus the greater number succumb after 


they have been implanted. These figures refer, however, only to females which 


ovulated, had implanted foetuses, and gave birth to cubs respectively. Th: 


fertility in a total material is naturally lower than this owing to the absence 


of ovulation, fertilization and implantation, or to the total resorption of 
foetuses in a iber of females. The frequency of such females varies greatly, 
however, depending on the system of mating employed. In the above-mentioned 
Quebec materia »number of such females was 20.2 % of the total. 

from the results obtained above that the intrauterine foetal 


lity in mink is great. This is also the case, however, among other mul 


II4 
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75 


73—74. Dead eggs. (180 X.) — 75. Foetuses undergoing uterin 
sorption. (6 X.) 


tiparous animals, such as ferrets, rabbits and pigs, cf. Ropinson (1921), 


MarRsHALL and HamMmonp (1933), HAMMOND (1941), BRAMBELL (1942) and 
3RAMBELL and MILLs (1944). 


B. BREED, AGE, DATE OF MATING, LENGTH OF GESTATION 
AND GENETIC FACTORS. 


Owing to the great influence the mating system employed has on fertility 
and the differences prevailing in this respect between the Quebec and Alaska 
materials, as described in section III, the comparisons between the breeds hav« 
been based on the once-mated females. In fig. 76 are shown the variation be 
tween the two breeds in respect of the size of litters. On an average the Quebec 
females gave birth to 4.266 + 0.066 and the Alaska females to 5.173 + 0.088 
cubs. The animals of the Alaska breed thus exhibit a considerably greate 
fertility, which is probably due to their larger size. 

Investigations by JoHANsson (1928, 1938, 1945) and JOHANSSON and 
HANSSON (1943) have shown that in pigs, sheep, silver foxes and blue foxes 


there is relation between the age and fertility of the females. In mink this 


ar 
¥ 
; 
AG 


ARTUR HANSSON 


relation has been studied on the basis 

itis | of the total Quebec material (table 37 
fig. 77). The corresponding quad 

regression line, based on_ the 

averages of each age, has the equation 

1.25 + 0.357% — 0,0973x°, where y 

of the litters and x the age 


the females. Table 27 and 


fig. 77 show that the fertility rises from 


the first to the second year and_ sub- 
Alaska sequently progressively decreases. It is 


to be noted, however, that the relation 


Percentage of litters 


probably have been affected by se- 
lection, for in practical breeding a fe- 


is eliminated if she gives birth to 


number of cubs. The older fe- 


ales therefore exhibit a progressively 
4567 8 9 10 ‘tter average fertility. If this selection 
> 
Litter size 


had not asserted itself, the fertility woul 
probably have decreased more than is 

lly indicated. 
the number of lambs born per 
beginning and the end of the par- 
me thing is 1 also of mink, the 
38. As 


number of cubs 


between 


24). 
mentioned Quebec 
the length of the 

yorn has been calculated. 


case ot prolonged gestation 


the females 


20F 
10 
0 
| 
| 25.17 | 
1.96 
10 | 
| 4 1 
5 
| a 
7 Variation 1n s of litters 11 
: Ouebr and Alaska maies 
}OHANSSON and (1943) 
{ +1 +1,- 
ewe was greater in the middle than 
turition season. To ascertain wheth« 
once-mated Quebec and Alaska mate 
ippears from this table, there is a tendency towards a larger Pe 
ifter mating in the middle of the mating season than atter mating at the be 
einning or the end. 
t nas pr LlOuUSI)\ een shown that tnere 1S a galive correiation 
he number of cubs born and the length of the gest: 
To illustrate this correlation further, in table 39 thi 
ind Alaska females have been grouped up accordi 
restation period nd the average number of cubs | 
g n pel 
The tendency towards a decline in fertility in the 
Labi 37. 4) ) ad WL Sle 
Ave of sain) years 
I 2 3 4 5 6 
Number of litters 1,208 681 322 120 26 II 
Mean size of litte: 4.43 | 4.69 | 4.50 | 4.12 3.42 3.00 
110 


THE PHYSIOLOGY OF REPRODUCTION IN MINK 
which the table shows, will probably be 
connected with an increased mortality 


during the free vesicle stage. 


It has been shown in a large number 


of investigations with different kinds of 


Litter size 


animals that fertility is affected by genetic 


factors, and the difference in fertility be 


tween Quebec and Alaska mink is in all 
probability due to such factors. To inves 
tigate whether there are any differences 
within the breeds which can be ascribed to the 
heredity, an analysis of variance has been 

made of the size of litters for 171 Quebec females which gave birth to cubs - 
in succession. The results of this analysis have been collocated in table 
which it appears that there is a tendency towards a greater 


Table 38. Influence of date of mating on 


Date of mating 


Numbx r of 


Mean size « 


females than 
guidance of the 
variation in the fertility 


must probably be 


39. Influence 


Quebe 


Number 


Alaska: 
Number of 


Me an size of 


117 
| 
| 
| 
6 
ys 
), 
7 erweeél 
4 
in March 
6 9-24 25 
One ec: 
Number of jitters 8c 262 cA I< 
Mean size of litter 1.19 1.320 1.9 1.50 ! 
Alaska: 
jitters | 184 
litte: 1.75 4.93 5.38 
males. The intra-class correlation calculated with th 
ces was 0.115, which implies that 11.8 % of the tot 
Gue to individual diftterences between tTemales, wh 
length of gestation in days 
14 61— 64] 65 
of cestations IQ! IQ! 152 32 
Mean size of litter 4.07 1.45 1.342 3.50 
gestations 14] 171 12 7 
jitter 5.06 5.11 1.84 1.7 
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‘able 40. Analysis of variance of size of litter for 171 females cach with three 


secutive litters. 


Devrees Sum of Mean Ratio of mean 


variation 
of freedom | squares | squares squares 


2.820 


2.200 


‘tain, though slight, possibility of improving the fertility in mink by means 


1 
sereci10n. 


SYSTEM OF MATING. 


\s was shown in section V, the riding of a female without copulation may 
licit ovulation. These ovulations are very serious phenomena, partly owing to 
their frequency, and pariiy because they often lead to a supression of pregn 
incy. Therefore, in practical breeding, males which show a tendency to ride 
the females without mating should immediately be eliminated, even though this 


t entirely prevent such ridings. It is therefore of great importance that the 


-s should be mated at the latest 2 days after such a riding, in order to 


1g, 
tilization of the eggs. 

In order to study if the system of mating affects the number of pregnant 
females and the number of cubs born, a material comprising 2,233 pregnancies 
was selected. The females were mated one, two or three times. In the last 
case with at least 7 days between the first and the second mating. As appears 


from table 41 the mean litter size for the once-mated females was 4.11 and the 


average number of cubs per female 2.77. 32.6 per cent of the once-mated 


females did not give birth to cubs. The females which were re-mated at inter- 

1 and 2 days had a mean litter size of 4.21 and 4.54 and the average 
number of cubs per female was 3.83 and 3.73. This increasing fertility is also 
reflected in the per cent of females which did not give birth to cubs. This 
improvement in fertility appears to be mainly due to two causes. As was shown 
in section V, the female mink ovulates 36—37 hours after mating. If it is 
assumed that the unfertilized egg has the same duration of life as in the case 
of the ferret, (cf. HamMMoNnD and WALTON 19344), then in the majority of 
cases they could still be fertilized 54—60 hours after a mating. That means 
that re-mating 1 to 2 days after the first mating can result in fertilization of 
the eggs which were ovulated after the first mating. The increase in mean litter 
size and the reduced number of barren females indicates that this is actually 


the case. A contributory cause of the decrease in the number of barren females 
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Between females 170 489.61 2.820 Yd 
732.36 | 2200 | 
Total 512 1,241.97 2.426 
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Table 41. Influence of system of mating on fertility in 2,223 Quebec females. 


The females which were mated three times, had at least a 7-days interval be 


tween the first and the second mating. 


Number of females with following number of matings 


Litter size re I'wo matings. Interval | 


mating 


Total number 


6 6 
of females 


559} 59) 339 


per female / 3.60|4.41/4.04) 4 3-33)4-3 
Percentage of 


g.1}18.0} 20.8]/37.1/18 4 |11.2|15.2} 68] 9.7|14.6)26.7|14.3 


Mean litter size | 4.11 | 4.86 


will probably be that, if, for some reason, the first mating did not elicit ovula- 
tion (cf. section V) the second mating may do so. 

When the females were re-mated at intervals of 3—4 days, the mean litter 
size is considerably lower than for the females which were re-mated at an 
interval of 1 to 2 days. The number of females which did not give birth to 
cubs has also increased. In comparison with the once-mated females, however, 
the average number of cubs per female is somewhat higher, owing to a decline 


in the number of barren females. The cause of this change will be that the 


females which did not ovulate after the first mating did so after re-mating. 


The decline in fertility as against that of the females which were re-mated at 
an interval of 1 to 2 days is in all probability entirely due to the fact that re- 
mating can no longer fertilize eggs which were ovulated after the first mating. 

The females which were re-mated at a 5—6 days interval exhibited very low 
fertility, as appears from table 41. Thus the mean litter size is only 3.77, and 


the average number of cubs per females 2.37. This last low value is chiefly 
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Three matings. Interval 
mat 
I 2 |3-4/5 6|7-8|9-10}1 1-12] 13-| 7 I 2 |3-4|5-6|7 
fe) 227 50} 13) 29) 20 16 12) 85 33 7 4; 
I 40 4) 3 5 6 3 301 32 2 
2 50 12} 22 7 5} 17| 16 6 12} 5! 2| 27 6 I l 
3 86 16) 2¢ 5 4| 16| 27 6 14} 63) II] 37 4 I 4 
4 100 14} I2 7\| 34| 27 20 12) 69 3 
5 85 28} 53) 7 4| 29) 40] 24 20| 113} 14] 82 7 4) II 
Le 6 63 7| 34] 7| 17| 27| 271 14] 9} 56] 13] 6 
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a 8 9 2 ro) I 2 4 S) 12 2 4 2 
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due to the fact that the number of barren females was very high, 1.€. 37.1 
per cent. Except in one respect, this category of females is comparable with the 
females which were re-matied at < | days interval. The difference is that in 
the case of re-mating 3—4 days after a mating no fresh ovulation takes place, 

it often does when the females are re-mated at a 5—6 days interval (see 


1 V). At that stage only a small - of follicles had reached such a 


of development that they could be made to ovulate and therefore such 


] . 
an decreased fertility. 


ated at longer 


ade to ovulate. With 
matings the fertilit 
longer interval 


ated at varying inter- 
is found 


Re 


section 


ison had a shorter 


120 
tag 
ovulations 
When the females are re-m§I| intervals than 6 days, the fertility 
rises steeply, at the same time as the number of barren females declines. This 
change continues, as appears from the table, up to the 11—12 days interval. 
[This continuous increase indicates that increasing numbers of follicles have 
had time to develop up to the stage where thev can be 1 
Nad IC\ yp ul LO tn age where they can D nN 
] 4 1 41 ] 1 4 +1 
onger intervals than I2 davs between the tirst and secon 
shoyv TPT lency { fo)] 
lf a comparison 1s made between the temales re-mate 2 
: s after the second mating, the same systematic Chang . 
as when the once-mated females are compared with the twice-mated ones. Hi 
mating I—2 days after the second mating thus results in an increase in fertility 
On the other hand, with re-mating after 5—6 days the fertility declines, but 
gall with ntery setweel thy matings ‘ay table 11) 
\ i ~ . 
If a comparisoi made once-mated el S and temaies whicn 
were re-mated once a1 twice at intervals ot at least 7 days, a clear 1improvemen 
n fertility is met with. The mean litter size rises from 4.11 to 4.48 and 5.08 
respt y; he ay ve number of cubs per female from 2.77 to 3.6 
ind 20 ivel Ch nui ver OL Darrel remailes decreases trom 32.0 
15.2 and 14.3 respectively. Tl ist mating for the latter females gave rise to 
fresh ovulation, and thus, from the point of view of mating, the ditterenc 
between the females is tl the two last-mentioned categories had been mated 
once or twice previously. T] the females which were mated twice and thre 
mes exhibit such considerably improved fertility will probably be the resu 
of several co-operating causes. In the first place the females which permitted 
several matings are probably more active from the sexual point of view and 
at the same time more fertile. In the second, it has been shown in section \ 
hat, if a female is mated later in the estrus, implantation takes place earlie1 
than if she is mated at the beginning of estrus. Further, in sam IIT it was 
shown that fe: s which were mated late in the mating sci 7! 
waktiation nemad than females mated carly. The re-mate females were quit 
naturally mated late both in respect of the beginning of the estrus and of th 
° . 1 1 1 1 
ating seaso1 \s there is a negative correlation between the length of th 
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Table 42. Analysis of variance of fertility in re-mated Quebec females. 


ss a Degrees of} Sum of Mean Ratios of mean 
Source of females and variation 
treedom | squares | squares squares 


All females: 
Betw 
Jetween mating intervals. 
Linear regression 
Deviation from linear regression 


Within mating intervals (error) 


Total 


Only females with litters: 
Be 
Jetween mating intervals. 
Deviation from linear regression . 40.45 


Within mating intervals (error) . . 348 2,364.47 


Total 8 2,416.60 


gestation period and fertility, the re-mated females should in consequence 
hibit greater fertility than the once-mated. 

lor the sake of investigating whether the 
an analysis of variance has been made, firstly 
condly of the average number of cubs per female. As, 
ferences between the once-mated and the re-mated femal 
as it was not considered desirable to mix toget ifferent categories of 
females, this analysis only embraces the twice-mated females. To endeavour t 
eliminate approximately the effect which mating at different intervals after th 


onset of estrus, and at different times during the mating season, has on thi 


length of the gestation period and therewith on fertility, the variance betwe 
mating intervals (see table 42) has been divided up into deviations due 
linear regression and deviations from the regression line. 


would then correspond to the influence of the 


fertility. As appears from the table, there is a tendency towards a vert 


regression in the material. If the devia from the regression line 1s com 
pared with the error. a verv definite significance is found in the average number 
pared with the error, a very definite significance 1s Tound in the averag 
- lower significance in the mean litter size. Thus 


this proves that the mating system has a pronounced infl 


uence on fertilt 
all the females, thus even those which were mated once and three 
been included in the analysis, this tendency would have been 


pronounced. 


. TOT 

12.50 

4.95 

12.50 12.50 19.46 
— = 3.93*" 

: 6 116.77 19.46 4.95 

| 1017 | 5,031.67 4.95 
7 1,023 5.160.94 5.04 
11.68 
4.19 
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11.68 
0.74 
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CONCLUSIONS. 


The experimental investigations and the statistical analysis have shown that 
the reproduction of mink is affected by a number of factors which assert them- 
] respect of fertility. Like other multiparous animals, the mink has a 
intra-uterine foetal mortality, especially in the later stage of pregnancy. 

to ovulation conditions, and perhaps above all to the occurrence of 


layed implantation, the fertility is very dependent on the mating system 


employed. On the basis of the experimental investigations carried out and the 


tical analyses made, certain general rules can be established for the mating 

f mink. Thus mating with males which show a tendency to ride females 

without mating should be avoided. If such riding has taken place, the female 

should be mated with another male at the latest 2 days afterwards. When a 

female has been mated for the first time during the season, re-mating should 

‘ied on the first and second days after this mating. On the other hand, 

1ale must never be re-mated 3—6 days after the first mating. From the 

7th day after the first mating the female can be mated again, and then, too, 

re-mating should be tried on the first and second days after that second mating. 

\fter at least a further 7 days the female can be tried again, according to the 
same rules. 

Apart from the fact that this system of mating simplifies the work of 

breeding, during the last two years it has proved to lead to greater fertility in 


practical breeding. 


SUMMARY. 


The present work, entitled “The physiology of reproduction in mink, Mustela 
vison, SCHREB., with special reference to delayed implantion’”, is based on 
investigations carried out during the years 1939—46. 

The results of the statistical and experimental investigations may be sum- 
marized under the following points, which correspond to the different sections 
in the present work: 

I. II. After an introductory survey of earlier studies of reproduction within 
the genus Mustela, a description is given of the writer’s material and of the 
general working methods. 

III. The mating season falls during March and the beginning of April and 
the littering season during the end of April and the beginning of May. The 
by the outdoor 


lates are influenced by the breed and age of the female and 
temperature. 


The length of copulation increases < e * season advances. The 
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intervals between two consecutive matings tend to centre round the two values 
and 7—10 days. 
The mean length of gestation for 697 Quebec and for 494 Alaska 


females was 51.33 and 49.01 days respectively, the coefficient of variation being 


{—6 times as great as for other farm animals. The length of gestation 


greatly influenced by the date of mating. The relation yields the function 
y = 62.0 — 1.0846% + 0.018044", where y is the length of gestation and x the 
mating date in March. 

[V. Owing to the shortness of ligamentum ovarii proprium the ovary is 
fixed in the immediate neighbourhood of the distal end of the cornua uteri. 
Owing to the position of the ovary and the shape of the mesovarium and the 
mesotubarium, a practically completely closed bursa ovarii is formed. 

The ovaries are generally bean-shaped. Under the germinal epithelium there 
is a well developed tunica albuginea, from which connective tissue lamellae run 
into the cortex and divide it up into irregular columns and nests. The inter- 
stitial glandular tissue is strongly developed in the cortex. The medulla is 
confined to the parts around the hilus of the ovary. 

The tuba runs round the ventral surface of the bursa ovarii and during its 
course forms 10—11I regular coils. The infundibulum is weakly developed, 
which has been considered to be a result of the well-developed bursa ovarii. 

The long tapering uterine horns fuse immediately in front of the cervix and 
form a weakly developed corpus. 

Placentation leads to the formation of a placenta zonodiscoidalis, in the 
antimesometrial centrum of which are formed specific hematomae. These 
hematomae seem to serve to supply the foetuses with hemoglobin. 

V. Nine different stages can be distinguished in the growth of the follicles. 
In fixed material the follicle which is ready for ovulation attains an average 
diameter of I,000—1I,I100 uw, as against 100 uw for the egg. Already when the 
average diameter of the follicle is 500 u, the growth of the egg has practically 
ceased. 

Females which have not been mated or allowed to play with males do not 
ovulate, but their follicles form so-called cystic follicles. After copulation the 
follicles grow rapidly, and ovulation follows after 36—37 hours. Riding by 
males without copulation also generally elicits ovulation. 

When a female is re-mated at an interval of less than 5 days, the second 
mating does not elicit another ovulation. If the interval is 5—6 days the second 
mating sometimes does give rise to fresh ovulation. If the intervals between 
the matings are longer than 6 days, the second mating always elicits fresh 
ovulation. 

When the female ovulates again, the fertilized egg from the previous ovula- 
tion generally succumbs. In one case, however, a blastula from the first ovula- 


tion was found in the uterus at the same time as fertilized two-celled eggs 
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fre mM 


he second ovulation. This indicates that super 
tation may occur. 


of variance of the number of ruptured follicles in the two 
two successive ovulations showed 


a tendency in the ovaries together 
te a certain fixed total of each ovulation. This shows that 
nper of ov ulated follicle S is ( 


by factors whose effects are not 


the individual ovary. is assumed that this factor is estrogen, 
regulating the follicle-stimulating factor 


r out autopsies at varying intervals 
its passage through the tuba, 


in length. That causes 
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he nur 
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which we 
S. 
VI. By 1 ating Temailes once and Carrying 
( he mating, it has been found that, a 
the fertilized eoo enters 9 stao F relative rest arVvine 
ne reriized egg enters a Stage Of relative rest, varying 
he great variation in the length of the gestation period. 
ihe length ot gestation decreases with increasing temperature during 
the ; Ino ceacon 
9 ison. 
On OF Temares the late anestrus stage nasstens he ransitiol 
DP 3 IS and leads to signilricative pronre4ra On 1n ne ovarrves and uterus 
1 m1 O remaies DeTore and atter mating reduces hi engin of gestatiol 
i ( ) SLU tn () 1ISCOV CTIng ne ¢ are Spa 
rrelated with the delayed implantation. 
in tl levelopment oi e corpora lutea 4—5 ditterent stages were aistu 
Pls \ 1 stage oO rmal granular and vascular prol on, the co 
l l ryol Le\ pment. 4 I 
i] Invoiution OT th rOuIcIeS and Corpora ju \ ntluence iit 
S12 O I ovaries. Dt g pregnancy the ovaries are I.; [.9 es aS larg 
4 l us. 
lhe tuba of the female mink exhibits cyclic changes s r to those show 
by s The riking divergence, however, in that after ovul 
tion the tuba again resumes its estrus character, without passing through 
Vp \ Leg Cralive Stage, I a Ss no , Cis IS Stave 
persists u mmediately betor¢ piantation. 
CS ull US u Liu a L ilk < 
cnai er. Uuring ( ( ylastula lies Iree in the wu us, however, n¢ 
progesterone Int cal re traced. in connection with implantation pri 
proliter ppears Sa resu Ot he renewed ‘tivity é 
tudes ne Final St etion Nave snown tha nestrus passes over to pro 
estrus as earlv as 11 ] nuaryv, pro-estrus then legrees into estrus 
After Ovulation a partial adesquamatron of the cornified tayer takes piace, DU 
this does not proceed so far that the vaginal lumen is invaded by leukocytes 
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Immediately after this stage, the vaginal secretion re-assumes the estrus 
character. If the female is not re-mated, this stage persists until suddenly a 
final desquamation of the cornified layer occurs, followed by a massive in- 
filtration and invasion of mainly polymorphonuclear leukocytes. The interval 
between mating and the final desquamation and the length of the gestation 
period exhibits a correlation of r= o0.918***, and the value of the regression 
is b= 1.079. 

Attempts were also made to influence implantation by administering different 
gonadotropic hormones. 

The administration of varying amounts of synthetic progesterone, with and 
without simultaneous supplies of small amounts of estrogen, did not affect the 
estrus condition or implantation in normal, mated females. As strong reasons 
argue in favour of this negative result being due to the fact that the ovaries 
secrete estrogen, which suppresses the effect of the progesterone, O\ ariectomy 
was performed on mated females, after which progesterone was administered. 
\s a result of the ectomization, the estrus condition ceased, and the administra 
tion of progesterone led to progestational proliferation. 

The administration of estrogen in association with mating did not change the 
female’s estrus condition or the time of implantation. A fall in the number of 
cubs born was considered to be due to the supplies of estrogen having supressed 
follicular development. 

The administration of gonadotropic substances from blood (P. 
from pregnancy urine (P. U.) led to an increased intra-uterine 
lity and to increased length of gestati 

In a discussion of the cause f the delayed implantation, it is advanced 
that it cannot be due to a cessati f growth in the blastula, but that it must 

due to the uterine mucosa not being prepared for placentation. This in its 
turn appears to be due to a shift in the balance between estr 
gesterone, which in its turn must be the of a change 


between the endocrine factors in the anterior pituitary which regulate the 


activities of the ovaries. Investigati by Astwoop (1941) indicate that, in 


(I*. S. H.) and a luteinizing factor 
the anterior pituitary also secretes a substance (luteotrophine) which 
‘§ progesterone incretion. If this observation is correct, the delayed 
implantation would appear to be ( a“ ya delayed rel ase of lute otropl ine f “om 
the anterior pituitary. 
VIII. Investigations as to fertility have shown that of 100 ovulated e 
average of 83.7 are implanted and that about 50.2 of them resul 
applies to females which ovulated, had implanted foetuses and produced litters. 
The number of females in the same material which did not produce cubs was 
20.2 per cent. 


Fertility is affected by the breed, age, time of mating, and length of 
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tion of the females. 11.8 per cent of the total variation in fertility may be 
ascribed to individual differences between females. 


The system of mating has a marked influence on fertility, and therefore, 


with the guidance of the experimental investigations and the statistical analvsis, 


rules have been proposed for the mating of the female. 
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HYDROPHILOUS AND XEROPHILOUS 
LABYRINTHODONTS 


BYSTROW 


(With 13 figs.) 


INTRODUCTION. 


In 1938 a paper was published in the Russian Zoological Magazine by 
MeEpVEDEV about cutaneous vessels of modern amphibians. By means of pre 
paration the author has stated some very interesting facts. In particular it has 
been shown that the distribution of branches of the arteries supplying blood 
to the skin (art. cutanea) as well as the situation of the vein branches (vena 
cutanea magna) of different representatives of Anura depends on their mode 
of life. Those who spend on land the greater part of their life, or who—as 
adults—do not live in water at all, have the main branches of blood vessels 
situated on the lateral faces of their body. This distribution of the vessels is 
due to the fact, that the air surrounding the animal, makes the cutaneous 
respiration possible in all the points of the body. MEDvEDEv’s observations 
have shown that, for instance, the Rana temporaria which spends most of its 
life on the shores of rivers and lakes, and not in water, as well as toads which 
are known to be typical terrestrial members of Anura and, as adults, never 
live im water, have such a ramification of cutaneous arteries and veins 
(fig. r A). 

It has been shown that the Anura which during the whole of their life hardly 
ever leave fresh-water basins, have quite a different distribution of cutaneous 
vessels. These have the branches of the cutaneous arteries and veins situated 
on the dorsal side of the body, which in amphibian staying in water is exposed 
to the action of air (fig. 1 B). 

Such a situation of the vessels is due to the fact, that the oxygen contents 
of the air is 30 times greater than that of the water, and for this reason the 
cutaneous respiration is particularly intensive on the spot of direct contact 


with air and not with water. 


10). A. Z. 1947. Acta Zoologica 1947. Bd. XXVIII. 
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A. Cutaneous vessels in toad (Bufo bufo); B. Cutaneous vessels in frog (Rana 
ridibunda). 


MEDVEDEV has observed that such typical aquatic forms of Anura, as the 
Bombina bombina and Rana ridibunda have the principal cutaneous vessels 
ramified mostly on the dorsal side of the body. 

Ail these interesting observations have shown the cutaneous respiration in 
modern amphibians to be a very important addition to the gaseous exchange 
through the lungs. 

This is very well proved by the so-called “hairy frog’’—Astylosternus robus- 
tus (fig. 2). During the breeding season the males of the species have numerous 
vascular villosites having a likeness to hair, developed on the lateral faces of 
their bo 


ly and on their hind limbs. By means of these formations the “hairy 
frog” has an intensive cutaneous respiration, which compensates for the 


defective function of the greatly reduced lungs. 
i 


is necessary to add that in cases where the lungs of the modern amphibian 


‘not enough developed or to be fully lacking, the cutaneous respira 


the principal or the only means of gaseous exchange. Such a repre- 


of the Urodela, as Cryptobranchus alleganiensis has the capillaries 


the epidermis to a position very near the surface (NOBLE 1931). 
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Fig. 2, “Hairy frog’”—Astylosternus robustus. After Noble. 


In lungless salamanders (in the Plethodontidae) the gaseous exchange is 


realized only through the skin and epithelium of the mouth and pharynx. 


We are sorry to say we have no information whatever on the structure of 


iungs of the fossil amphibians. It is probable, however, that the Carboniferous, 


Permian and Triassic stegocephalians hardly differed of the modern Urodela. 
Anyway the construction of their lungs is supposed not to be more complicated 
than that of the existing amphibians. 

Therefore we may with reason suppose the cutaneous respiration in stego 
cephalians to play in some cases a considerable role in the gaseous exchange ; 
possibly in some forms it is more intensive than the gaseous exchange through 
the lungs. 

Without a doubt the conditions of life of the labyrinthodonts from the 
Devonian up to the Triassic have been sufficiently various. In some cases the 
archaic amphrbians had to adapt themselves to living in areas with relatively 
arid climate and with insufficient fresh-water basins, in other cases—to existing 
in regions with humid climate and numerous rivers and lakes. 

Ail these facts had to influence in some way or other the structure and func- 
tions of some of their organs, in particular of those which are connected with 
the gaseous exchange. 

Ail our ideas of the fossil amphibians are known to be formed on the base 
of studying their skeletons only ; we are sorry to state the impossibility to study 
those systems of organs of which nothing is left soon after the death of the 
animal. 


herefore we must not omit a single detail of the skeleton structure which 


[39 
HYDROPHILOUS AND XEROPHILOUS LABYRINTHODONTS 


A. P. BYSTROW 


makes it possible to understand—if only in general outline—the functions of 
those symptoms of organs which prove to be inaccessible for direct investigation. 

The study of the dermal bones structure of various stegocephalians of the 
Permian and Triassic resulted in my assembling information which seems to 
allow me to suppose some forms of labyrinthodonts to have a very intensive 
cutaneous respiration, whereas in other forms it is but very insignificant and 
even fully absent. In addition to this I suppose, that having in view some other 
peculiarities of the skeleton structure, the labyrinthodonts having an intensive 
gaseous exchange through the skin may be considered as hydrophilous forms 
ind those deprived of cutaneous respiration—as xerophilous forms. 

According to the finds of Permian and Triassic deposits of the USSR which 
| have at my disposal, labyrinthodonts of both these types were not rare in the 
end of paleozoic and in the beginning of the mesozoic. But | am very sorry 
to say that in my material some of them were represented only by small frag- 
ments of the skull or by broken pieces of dermal bones. Of course, it could not 
low me to form quite a clear idea of their general appearance. Therefore, 
having in view the description of hydrophilous and xerophylous labyrinthodonts, 
| have used only well preserved and minutely investigated forms. 

All the numerous transparent sections of dermal bones, as well as all 


ustrations have been made personally by myself. 


THE HYDROPHILOUS LABYRINTHODONTS. 


A good example of a hydrophilous labyrinthodont may be found in the 


neorhachitomous stegocephalian Benthosuchus sushkini. This form has been 


found for the first time in 1927 in the eotriassic deposits on the Sharjenga- 


iver (EFREMOV 1929). The excavations resulted in giving several full, well 


reserved nondeformed skulls, a large number of skeleton bones and numerous 


g 
fragments of dermal bones. All these parts of the skeletons had belonged to 


imals of different individual age (Bysrrow and Erremoy 1940). The skull 
of the Benthosuchus was wedge-shaped; its length varied between 140 and 


229 mm. These skulls appear to have belonged to middle-aged specimens, for, 


I 


] 


according to separate fragments of dermal bones, the skull dimensions of old 


Benthosuchus attained probably about 700 mm of length. The skull length of 
the youngest of the known labyrinthodonts of this species was only 27.5 mm. 
The exterior face of the dermal bones of the skull and lower jaw of the 
enthosuchus are covered by a round-celled sculpture which is typical for 
labyrinthodonts. On the skull and on the lower jaw furrows are to be clearly 
seen, which are marks of canals of a seismosensory system, which had passed 


fig. 3). The presence of these furrows allows to affirm with safety that 


‘anals themselves of this labyrinthodont had been well developed. 
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3. Benthosuchus sushkini. Dorsal view of skull 


As we know, such representatives of the modern Urodela, as the newts, have 
seismosensory organs shaped as spheric accumulations of epithelial cells, 
situated in the superficial portions of the skin only during the summer months, 
when these amphibians hardly ever leave the water. During the hibernation 
under stones and roots of trees on land the seismosensory organs of newts 


sink deeply into the skin and do not function. 
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interesting phenomenons are very good proofs of intimate connection 


he function of seismosensory organs and the presence of water 


. The same thing is shown by the presence of the seismosensory system 

in neotenic forms of the Urodela, which never have left water, as well 
! in the lungless Plethodontidae, living on land. 

odern Anura (with the exception of Pipidae, Bombina bombina and 

laevis) as adults are entirely deprived of a seismosensory system, 

is present in their larvae (NOBLE 1931). 


7 
KNOW, 


among the Anura both aquatic and terrestrial forms are to be 


many typical aquatic forms the seismosensory organs are absent. As 
seis 


of the Anura, which are provided with a 


they always prove to be closely connected with water 


representatives 


Bombina bombina, Ceratophrys laevis). 
abyrinthodonts did not 


doubt the seismosensory system of the lal 


a series of isolated epithelial formations as in modern amphibians but 
of canals the numerous openings of which are distributed on the 


f the skin, so, as we meet in fishes. 
iest stegocephalians known at present—the upper Devonian Ichthyo- 


id seismosensory canals passing in the bones of the skull, like in 
yptervgians; the openings of these canals are distributed on the surface 
bones (SAVE—SODERBERGH 1932). 

Carboniferous, Permian and Triassic labyrinthodonts have the 
sensory system (in cases when it is present) already in the furrows of 
bones; but there is no doubt that—as formerly 


of canals. Consequently, in these forms it had not yet been reduced to 


it represented a 


in the modern amphibians. 
vrinthodonts provided with a seismosensory systen 


aD\ 


were very closely connected with water. Possibly the connection was even closer 


than that of the modern typical aquatic amphibians. 
Thus, the presence of well ‘loped seismosensory canals in Benthosuchus 
allow us any doubt that it has been in great need of water 
‘d a typical hydrophilous labyrinthodont. 
ides these canals we have another very important and interesting 
proof of the hydrophilousness of this labyrinthodont. This proof has been 
found during the investigation of the microscopic structure of its dermal bones. 
I have made a great many transparent sections of all the dermal bones of 
the Benthosuchus without any exception and discovered a very singular 
peculiarity of their structure. 
In every with sculpture provided dermal bone of any labyrinthodont three 
‘an be discerned: lower, middle and upper. 
The lower layer consists of more or less discernable horizontal lamellae. In 


laver canals can be seen, which radially come out of the bone centre, the 
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diameter of the canals being usually very small; some of them must be sur 

rounded by Haversian lamellae; others are deprived of them. 

The middle layer represents a series of bone slats and partitions, separating 
between themselves very large canals, which like the narrow canals of the 
lower layer radially come out of the bone centre and are directed to its 


periphery. The walls of these canals are usually formed by the lamellae of thi 


Haversian system. In the middle layer marks can be frequently seen of its 


multiple reorganization accompanied by the destruction of old Haversian system 
and by the formation of new ones around the large canals. 

The upper layer is formed by numerous curved bone plates, forming on the 
exterior surface of the bone a round-celled sculpture. Canals pass through this 
layer directed to the bottom of each cell; vessels, supplying blood to the skin, 
passed through the canals. 

During the growth of the bone a thickening takes place by means of 
accumulation of new horizontal lamellae on the lower face of the lower layer 
and by means of simultaneous accumulation of new curved bone lamellae on 
the outer face of the upper layer. Besides this the successive phases of growth 
of the thickness of the upper layer have been accompanied by the formation 
of new sculpture generations. Each new sculpture generation is known to differ 
from the previous by the larger diameter of the cells and by larger dimensions 
of combs (BystrRow 1935). 

When investigating the upper layer structure in its lower portions it is 
usually very easy to discover combs of smaller height and cells of smaller dia- 
meter, i.e. earlier sculpture generations compared to the sculpture generation 
forming the surface of the given bone. 

At the same time with the growth of thickness of the bone an intensive reorga- 
nization of the slats and partitions has taken place in the middle layer of the 
bone. This reorganization has partially taken place in the upper and lower 
layers of the bone. In the upper layer it has destroyed the curved lamellae 
forming the earlier sculpture generations, and in the lower one—the oldest 
horizontal bone lamellae substituting for both slats and partitions. 

This resulted in continuous growth of thickness of the middle bone layer, 
whereas the thickness of the upper and lower layers remained nearly the same 
notwithstanding the simultaneous accumulating of new bone lamellae on them. 

Such is in general outlines the structure and modifications taking place in 
the course of growth of the dermal bones in every labyrinthodont and in parti- 
cular in the Benthosuchus sushkini. 

But the dermal bones of the Benthosuchus have an interesting and important 
peculiarity. The latter consists in the fact, that the upper layer of every dermal 
bone of this labyrinthodont, which is covered with round-celled sculpture is 
penetrated by numerous narrow canals. These carals anastomose with each 


other and form a thick net (fig. 4). 
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ig. 4. Benthosuchus sushkini. Vertical section of dermal bone of skull. 1co X 


This net is especially well seen on horizontal sections, passing through the 


combs, forming the celled sculpture of the bone (fig. 5). 


A detailed investigation of the net made on numerous and various sections 


has shown that the narrow canals, which form the net, are on one side con- 


nected to the large canals of the middle layer, and on the other side by means 
of numerous small openings to the outer surface of the bone. 

The histological study of bones of modern vertebrates is known to have 
shown, that in every Haversian canal, however, a small artery passes as 
well as a comparatively big vein, thin branches of nerves and lymphatic 
vessels. 


Therefore | think we have no reason to doubt that in a net of canals pene- 


trating the upper laver of the dermal bones of the Benthosuchus, blood vessels 
é 


have been present forming a peculiar Rete vasculosum, 
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Fig, 5. Benthosuchus sushkini, Horizontal section of dermal bone of skull. 100 X. 


This Rete vasculosum had essentially nothing to do with the bone, and 
represented the vascular net of the skin. It may be with safety said that 
coming out through numerous openings on the outer surface of the bone beyond 
its limits this Rete vasculosum continued further into the skin, while the density 
remained the same. 

It is to be supposed that the vascular net penetrated the upper layer of the 
bone not for the reason that it was its necessary component, but due to the 
fact that in the course of the thickening of the bone the accumulation of bone 
lamellae on its outer surface inavoidably resulted in the fact, that part of the 


dermal Rete vasculosum was gradually immured in the combs of the sculpture. 


Very interesting and important is the fact that round the narrow canals of 


the vascular net it is hardly possible to discover lamellae of the Haversian 


systems. The numerous canals of the net penetrate the curved bone lamellae 
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of the upper bone layer in the most different directions and do not in any 
place destroy their structure and arrangement. 

| never have seen any marks of bone reorganization round the canals of 
the Rete vasculosum. Consequently, the canals do not change neither their dia- 
meter, nor their position during the whole of the animal’s life. 

An impression is formed that this peculiar vascular net is a kind of 
extraneous formation for the bone and is evidently intended not for its blood 
supply. Being immured in the bone, the Rete vasculosum forms nevertheless 
the vascular net of the skin. 

If we imagine the curved bone lamellae, forming the sculpture of the later 

to be removed, and thus make free from the bone the system of 

we may easily form a clear idea on the number of blood vessels con- 

tained in the skin. This vascular system has evidently remained in the skin 

up to the moment of formation of the last sculpture generations in the combs 
of which it later proved to be immured. 


US 


Very important is the fact that the Rete vasculosum exists only in the com 
of the celled sculpture of the dermal bones. It is absent in those areas of these 
bones which are deprived of sculpture; the vascular net is lacking also in the 
bones, which have no sculpture at all, for instance, in those forming the paletal 
and occipital part of the skull, as well as in bones situated on the inner face 
of the lower jaw. This is due to the fact that their surface is not in direct 
contact with the skin. 

This proves once more that the Rete vasculosum is the vascular net of the 

f the bone. 
| have made a great deal of preparations of all the dermal bones of the 
Benthosuchus without any exceptions, and I may say with safety, that wherever 
round-celled structure, in this labyrinthodont it proves to be 
numerous narrow canals. 
of these canals may be seen not only in all the dermal bones of 
skull, having a surface directly covered with skin, but also in sculpture 
as of such dermal bones of the shoulder girdle, as Clavicula and Inter- 

This proves that in the Benthosuchus the cutaneous vessels are well devel- 
oped not only in the 1 the head, but also in that, covering the ventral 
surface of the shoulder girdle. 

The absence of dermal bones in other portions of the animal’s body does 


nN 


ot allow us to prove the presence of the Rete vasculosum outside the head 


and the region of the shoulder girdle. However, we have no reason to deny 


} 


i 
the existence of such a vascular net in the skin of the body. It would be very 


strange indeed if the ample blood supply of the skin was limited by such por- 


tions, as the dorsal and lateral surfaces of the animal’s head and the ventral sur- 


face of its shoulder girdle. 
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| think the uncommonly great number of vessels in the Benthosuchus’ skin 
may be due only to the very intensive cutaneous respiration, which this laby- 
rinthodont has undoubtedly had. 

The number of cutaneous vessels in the Benthosuchus has been so great, that 
it is necessarily to be supposed this stegocephalian to be like the modern 
Plethodontidae—lungless and to have the whole of the gaseous exchange 
accomplished wholly through the integuments. 

| think nevertheless we must obstain from this suggestion for the following 
reasons : 

The recent lungless Salamanders are essentially terrestrial forms, and have 
therefore no organs of the seismosensory system. They do not live in water, 
but in order to secure a normally functioning cutaneous respiration, they are in 
need of very damp air. ‘or instance, such a lungless form as the Onychodac- 
tylus fischeri lives in very damp places of the East Siberia. This amphibian 
carefully avoids the sunshine and therefore hides under stones during the whole 
day. The Onychodactylus comes out only in the night to look for food, which 
consists of spiders, flies, small snails ete. 

It seems to me that in view of such a mode of life of the Jungless ampibians, 
they may be named “terrestrial hydrophiles”’. 

evidently the Benthosuchus could not be such a terrestrial hydrophile, for 
had a well developed seismosensory system, which proves its close connection 
With water. 

It is to be supposed it never wandered far from the water basins in which 
its larvae have developed and in which it had got its food. Its seismosensory 
system organs as well as the vascular net in the skin were equally in need of 
damp state of integuments. This damp condition has been attained and main 
tained by means of secretion of the cutaneous glands and the other side of the 
close connection of the labyrinthodont with water. This connection was one of 
the necessary conditions, which were indispensable for cutaneous respiration as 
well as for maintaining the normal functioning of the seismosensory system. 

Thus, the Benthosuchus appears to be a labyrinthodont which has lived 


very damp places of its living area. It has had need of damp air, like the 


inodern lungless salamanders, having an intensive cutaneous respiration, and 


has been connected with water, like the newts, which possess seismosensory 
organs. 

The Wetlugosaurus angustifrons, found in the synchronous deposits of the 
east half of the Russian Platform, had the same peculiarities. This laby- 
rinthodont did not differ from the Benthosuchus sushkini as to the degree of 
development of its seismosensory system, as well as to the microscopic struc- 
ture of dermal bones. 

Besides skulls and bones of the postcranial skeleton of the Benthosuchus and 


Wetlugosaurus I have had at my disposal some fragments of bones of various, 
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frequently not yet defined stegocephalians. The study of them allows me to 
state that in all the cases where the presence of seismosensory system furrows 
is accompanied by the presence of a thick net of narrow canals in the sculp- 
turified portions of the dermal bones. Thus these peculiarities are as a rule 
nseparable. Therefore I think the presence of seismosensory system canals as 
as of the Rete vasculosum are to be looked upon as two characteristic 

ures of the hydrophilous labyrinthodonts. 
Hence, every labyrinthodont in which we discover well developed furrows 
seismosensory system on the skull and a net of narrow canals 1n_ the 
combs of the dermal bones, must be acknowledged as a hydro 


THE XEROPHILOUS LABYRINTHODONTS. 


Among the stegocephalians I have investigated there were forms, the skul 


which has been deprived OT ally Marks OF seismosensory em Turrows. 


The rhachitomous labyrinthodont Platyops watsoni is to be counted among 


such stegocephalians. It has been found in the Upper Permian deposits on the 


Viatka river in (IEFREMOV 1933). 

lhe skull of the Platyops has the shape of a narrow wedge with a small 
expansion on the front edge. total length varied in several specimens from 
200 to 300 mm. Old animal ad probably still longer and narrower skulls. 


| 


The dermal bones of Platyops watsoni’s skull are covered with a round 


celied sculptur typical for the stegocephalians, but there 1s an absolute lack of 


0). 


nv furrows of seismosensory canals (f 


fact alone makes us suppose thi 


| 


Jatyops unlike the Benthosuchus, not 
to be a hydrophilous form. 

However, it must be owned that alone the reduction of the system of seis 
mosensory receptors is not sufficient to give us the right to affirm with safety, 
hat the Platyops can be only a terrestrial labyrinthodont; notwithstanding the 
bsence of the seismosensory system—the Rana ridibunda, for instance, is an 
aquatic form. However, there is no doubt that the Platyops has been adapted 
to the terrestrial mode of life more than any hydrophilous labyrinthodonts. 
Nevertheless, it could not wander on great distances from fresh-water basins, 
for it used them for breeding as well as for getting food. Therefore it is to 
be supposed that the Platyops has lived on the coasts of rivers and lakes. 
l‘urthermore, we have no reason to doubt its skin to be much drier than 
that of the hydrophilous labyrinthodonts; this peculiarity has been fully due to 
the fact that it was more adapted to the terrestrial mode of life. We may with 
safety say this mode of life to be the cause of its seismosensory system 


reduction. 
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The study of the microstructure of the dermal bones of the Platyops’ skull 


has fully confirmed the conclusion which could be made only on the base of 


the fact of this labyrinthodont having no seismosensory system. 


Numerous transparent sections, 
made of dermal bones of this ani- 
mal’s skull have shown that accord- 
ing to structure ail these bones do 
not differ from those of all the 
other labyrinthodonts, but their 
upper layer does not contain a net 
of narrow canals, so well developed 


in hydrophilous forms (fig. 7). 


In the combs of the Platyops, 


forming the celled sculpture, some 


times isolated small canals are seen, 


but the number of them is not to be 


compared to that discovered in the 


a 


Benthosuchus, Wetlugosaurus and 


all the other hydrophilous  laby 


rinthodonts. 


On horizontal cuts through sculp 
ture combs in the Platyops it is 
usually possible to find orly few 
narrow canals, therefore the general 
picture of such cuts very much 


differs from corresponding cuts of 


the dermal bones of the hydro 


ace 


philous forms of labyrinthodonts 


a 


fig. 8). 


~ > > 
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The VPlatyops has usually one 
opening on each sculpture 
bottom. Comparatively wide canals 
through which vessels directed to 
the skin passed open on the sur 
face of the bone through these 
openings (fig. 7). These vessels 
were branches of large vessels, 
situated in the middle layer of 
the bone. 

The same openings may be 


seen on the bottom of each cell also 


in hydrophilous  labyrinthodonts. 
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section 


Consequently, in this respect the Platyops hi 
same time it strongly differed from them, for the upper layer of its bones 


has been fully deprived of the Rete vasculosum. We must therefore admit the 


blood supply of the Platyops to have been much poorer. This allows us to 


its cutaneous respiration has been also much less intensive, than that 
hydrophilous stegocephalians. It is not impossible, that it was nearly 
any rate has not had such an importance for the animal, as for 
hydrophilous stegocephalians. 
we admit the good development of the seismosensory system canals, as 
las the presence of Rete vasculosum in dermal bones to be an evident proof 
labyrinthodonts having been hydrophilous forms, we must consider the 
both these formations in the Platyops as a proof of its being a xero 


philous form. 


A. 
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Fig. 7. Platyops watsoni. Vertical mamgm of dermal bone of skull. 100 > 
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We suppose the Platyops watsoni to be a terrestrial labyrinthodont, which 


has spent the greater part of its life on the coast of a water basin. It probably 
used to plunge into water only in order to catch a fish. 

The limestone in which numerous fragments of the Platyops have been found 
was in some places full with scales of Palaeoniscidae. It proves the ichthyo- 
fauna of the fresh-water basins on the coasts of which has lived this laby 
rinthodont to be sufficiently abundant. Therefore it had no need to spend 
much work in order to get food. Besides this, the Platyops has undoubtedly 
been a good strong swimmer, and its long jaws armed with sharp teeth, allowed 
to seize the live prey easily and quickly. 

Besides the Platyops watsoni I have had at my disposal the skulls of upper- 


permian labyrinthodonts Platyops stuckenbergi, Melosaurus sp., skull fragments 


Ke 
SS 
ONG ROA KL ‘ 
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15 


A. P. BYSTROW 
the Enosuchus breviceps and broken pieces of dermal bones and_ several 


indeterminable forms. 


\ll of them have no seismosensory system furrows; at the same time the 
net of narrow canals in the sculpture combs has also been lacking. 
Thus, we may say that in all the cases when the seismosensory system has 


to full reduction, the labyrinthodont proved to be deprived also 


yf the Rete vasculosum. 
[lence the absence of seismosensory system furrows on the skull as well as 
of a thick net of canals in the dermal bones sculpture represent two peculiarities 

which are connected with each other. 
| think we have no ground to doubt both these peculiarities to be features 


of xerophilousness. Therefore, every labyrinthodont lacking both these forma- 


tions must be acknowledged to represent a xerophilous form. 
The hydrophilous and xerophilous labyrinthodonts seem to represent two 


treme types of adaptation to the aquatic and the terrestrial mode of life. It 


however possible that a detailed investigation of stegocephalians known at 


resent will allow to state a series of intermediate or transitional forms between 


the typical hydrophiles and xerophiles. We have no reason to doubt such 


labyrinthodonts to have existed. 
may be said beforehand, they must have been characterized 


Besides this 


by an 


incomplete reduction of the seismosensory system of canals and by a 


comparatively small development of the Rete vasculosum in the dermal bones 


sculpture. 


THE HYPERHYDROPHILOUS OR NEOTENT( 
LABYRINTHODONT. 


Among the ri forms of the labyrinthodonts, investigated by me, the 


most interesting is without any doubt the Dvinosaurus, found in 1899 in the 


Upper Permian deposits on the North Dvina (AMALITZKY 1924, EFREMO\ 


1931, SUSHKIN 1936, Bystrow 1938). 
The Dvinosaurus’ skull is short and broad, its length varies between 159 a1 


198 the orbits are comparatively large, whereas the nasal openings and 


choanae are small. 

This rhachitomous labyrinthodont is similar to all representatives of th 
hydrophilous steg 
furrow (fig. 9). On the bottom of these comparatively broad and deep 
furrows in many places openings can be seen, which served as points, where 


ocephalians by having very well pronounced seismosensory 


the branches n. facialis came out to the receptory apparatus of the seismosen 
sory system. 

On some skulls of 

their course small curvatures (fig. 9). This has resulted in their total length 


the Dvinosaurus the seismosensory system furrows form 
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10. Dvinosaurus. Vertical section of dermal bone of skull. 100 


ing greater than it would be, had they been going without these curvatures 


from the punctum ossificationis of one bone to that of the other, as it is usually 


observed in labyrinthodonts. 

A good development of the seismosensory system undoubtedly shows that the 
Dvinosaurus has been an aquatic form; like the typical hydrophilous laby- 
rinthodonts it has been very closely connected with water and its seismosensory 
system has undoubtedly been a very important receptory apparatus. 

Thus, considering the presence of the seismosensory system furrows, we 
must admit this labyrinthodont to have been a hydropyhilous form. 

However, after having investigated the microstructure of the dermal bones 
of its skull, we shall form quite a different conclusion. This investigation has 


shown the net of narrow canals, present in hydrophilous forms, is fully absent 
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Fig. 11. Dvinosaurus. Horizontal section of dermal bone of skull. 100 


in these bones. This may be clearly seen on the vertical (fig. 10), as well as 
on the horizontal cuts of the bones (fig. 11). 

Between the combs of the dermal bones sculpture of the Dvinosaurus in 
many places numerous canals are open through which blood vessels come to 
the skin of the head. 


Such canals, as we have seen, are present also in the dermal bones of the 


rophilous labyrinthodonts (fig. 7). In this respect the Dvinosaurus is similar 


them and the blood supply of its skin has not been richer than in such forms 

the Platyops, Melosaurus and [nosuchus. 

Hence, as to the structure of its dermal bones, the Dvinosaurus has not dif- 
fered from the xerophilous labyrinthodonts. 

Thus we observe in this peculiar labyrinthodont a simultaneous presence of 


two features, having contrary meanings, namely: the features of hydro 
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\amalitzky. Ventral view 
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BY 
MAAR 
Fig. 13. Restoration of blood-vessels of head in Dvinosaurus. 
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philousness (the presence of the seismosensory system) and the feature of 

xerophilousness (the presence of the Rete vasculosum). 
Such a combination of features seems to contradict everything we have 
ibout the peculiarities characterizing the hydrophilous and xerophilous 
rms. Undoubtedly the Dvinosaurus would represent an unsolvable problem 
us if we were acquainted with it only on the ground of the few skull frag- 
nts. Luckily we know it on the ground of a nearly complete skeleton and a 
wt number of complete skulls. When investigating this material, very 
ossified elements of a hyobranchial apparatus has been discovered, which 
wed us to state without any doubts that the Dvinosaurus has represented 

neotenic form of the labyrinthodont. 

It had not undergone any metamorphosis and, like the Necturus maculosus, 
Siren lacertina, Proteus anguinus, Typhlomolge rathbuni of the living Urodela, 


life-long retention of gill-breathing. As a larva this labyrinthodont has 


that this has strongly influenced many peculiaritie 


is skeleton’s structure and especially the dermal bones of its skull. No round- 


celled sculpture, which is typical for all the labyrinthodonts, has developed on 

these bones. Instead of it long high combs have developed which have gon 
5 

‘entre of the bone to its rims (fig. 9). Evidently these combs 


lly from the cet 
resulted from a strong hyperplasia of larval sculpture of bone. Thx 
ipparatus of the Dvinosaurus as to the number, position and 


} 


bones does not differ very much from the corresponding apparatus 
modern Urodela (fig. 12). 

This striking resemblance allows to restore positively the vessel system of 

to count, that this labyrinthodont had three external gills as the 

modern Urodela (fig. 13). 


life remained 


The doubtless fact that the Dvinosaurus in the course of his 


a larva, brings us to the conception, why he had a well developed seismosen- 
ind why the Rete vasculosum in the sculpture of his dermal bones 


The seismosensory system characteristic for the larvae of the amphibians, 


remained in it, for it had not undergone any metamorphosis. Besides 


tion of this system was very important for it, as it never left and never 
ve the fresh-water basins, in which it lived. 

gaseous exchange in the Dvinosaurus has been executed by 

that of the fishes has been quite sufficient 


function, like 
\ study of a new find of incomplete and broken skeletons of the Dvinosaut 
the Upper Permian deposits on the Volga allows me to make some correction 
the reconstruction of the hyobranchial apparatus of this labyrinthodont, previou 
published by me (Acta Zoologica, 19638, Bd. 19; 1939, Bd. 20) 
I consider it necessary to say that numerous studies of skulls of Dvino- 
vith 


Besides this, 
and additional preparation of them makes it now possible for me to say \ 


this labyrinthodont has an opening in the stapes 
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supplying the organism with the necessary amount of oxygen. At the same 
time the cutaneous respiration has been very difficult for this labyrinthodont, 
for it required a much more considerable amount of oxygen, than that, contained 
in the water (30 times less than the amount contained in air). The gaseous 
exchange through the integuments did not, evidently, take place. This resulted 
in the fact, that its dermal bones as to their structure proved to be similar to 

the bones of the xerophilous labyrinthodonts. 

\s the Dvinosaurus has been an enormous gill-breathing larva, it never came 
out on land. It probably has hidden in the thick growth of water-plants, waited 
for its prey, and remained quite without moving for a long time—to say 
nothing of the vibration of its gills. 

According to the dimensions of the orbits the Dvinosaurus has big eyes, 
which made it possible for it to see even in places, where the day-light hardly 
penetrated. 

Springing suddenly at the by-swimming fishes it seized its prey with its wide 
Jaws, armed beside numerous small conic teeth, also with very big sharp tusks. 

It is probable that like the neotenic modern Urodela, the Dvinosaurus had 
primitively built lungs, which, however, have hardly taken considerable part in 


the gaseous exchange. Nevertheless it has been obliged to change periodically 


the air in them. For that end it rose from time to time to the surface of the 


water, let quickly out the used-up air, and, having taken a new portion of it, 
has slowly sunk to the bottom of the basin to remain again without moving 
during a long time... 

Such a peculiar stegocephalian as the Dvinosaurus may be named a hyper 
hydrophilous form, for it has been connected with water much more than any 
of the typical. hydrophilous labyrinthodonts. 

At the present time the Dvinosaurus is so far the only labyrinthodont, for 
which the neotenic condition may be considered quite proved. However, w 
cannot deny that similar forms may have existed in other areals and in other 


times (see, for instance, NILSSON 1946). 


CONCLUSIONS. 


The study of the geographic distribution of modern amphibians has shown, 
that usually the most various forms may live in the same area. [For instance, 
such representatives of the Anura, as the aquatic Bombina bombina and Rana 
ridibunda and terrestrial toads live in many cases in the same area, whereas 
each of these forms finds such areas, in which all their requirements to the 
environ prove to be satisfied. 

Most interesting in this respect is the fauna of North America. 


In the eastern part of the USA an enormous region is inhabited by two 
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vewts, Triturus viridescens and Triturus dorsalis, which as _ typical 

representatives of the Urodela, undergo all the stages of the metamorphosis and 

as adults breathe through the lungs. They spend the greatest part of their life 
water, when they get their food. 

In the same region of the USA live various representatives of the family 
Piethodontidae (Plethodon, Eurycea, Typhlotriton, Desmognathus, Leurogna- 
thus, Hemidactylium, Aneides and so on). As adults all of them are terrestrial 
forms and are lungless. Their gaseous exchange is accomplished through the 
skin and the mucous membrane of the mouth cavity. This requires humid air, 
herefore the Plethodontidae, in search of the dampest places, usually hide under 

nes and roots of trees. They do not live in water and therefore are deprived 

seismosensory system. If during the daytime the lungless amphibians are 
liged to remain under stones, in the night they become more active and got 
food only on land. 

In the same eastern half of the USA, but on smaller areas, live such neotenic 

f the Urodela, as the Necturus and Siren. These amphibians, as we 
know, do not undergo any metamorphosis; during their whole life they 
have a gillbreathing and never have left the water basins they get their food in. 


the areas occupied by these various forms cover each other 


tO a 
great extent. In addition to this the chmate difference existing between the 
northern and southern parts of the eastern half of the USA, do not seem 
to influence these amphibians. This can be seen, for instance, on the distri 
bution of the Necturus, which lives in rivers on the area from the Great Lakes 
to Lousiana. 

\ll this has shown that such ordinary Urodela, as newts, as well as such 


gill-breathing forms as the Necturus and the Siren, and such peculiar amphib 


ians as the lungless Plethodonthidae with equal ease find convenient dwelling 


places in this vast area 


On the ground of this fact we must suppose that also in the past hydro- 


philous and xerophilous labyrinthodonts could occupy the same area. However, 
such a solution of the problem we are interested in, meets with some diffi- 
culties. Both kinds of stegocephalians have lived on fish and therefore have been 
equally in need of water basins. Hence, living in a common areal, they had to 
obtain food in the same rivers and lakes and thus live in imtimate contact with 
each other. Besides this, the xerophilous forms which have had a comparatively 
dry skin and have been deprived of a seismosensory system, have been fully 
adapted to the terrestrial mode of life, while the hydrophilous forms having a 
well developed seismosensory system and being capable of an intensive cutane- 
ous respiration have been obliged like the modern Plethodontidae to hide 
under stones at least during the whole of the daytime. 

| suppose that considering the dimensions of many hydrophilous laby- 


tinthodonts, such mode of life must be thought improbable. If the small 
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Plethodontidae of North America and the Onychodactylus fischeri of Fast 
Siberia can find retired nooks, where humid air lasts nearly during the whole 
day, the search of similar places for such big hydrophiles as the Benthosuchus 
and the Wetlugosaurus would undoubtedly be at least difficult. 

In addition to this it is necessary to have in view that, if we admit, the 
hydrophilous labyrinthodonts to have remained without moving during the 
whole day under stones on roots of trees, we must also admit they have caught 
fish... only in the night. This appears to be still more impossible. 

Both the hydrophilous and xerophilous labyrinthodonts have been undoubt- 
edly day beasts of prey. For the reason of their absolutely opposite peculiarities 


they evidently could not with equal ease find in the same areal convenient 


conditions for their existance. It was especially hard for the hydrophilous 


forms, for with a common macroclimate, which could fully satisfy the xero 
philous forms, they had to look for such places, the microclimate of which 
made possible their existance in the same areal. 

On the ground of all these facts we must admit that the common influence 
of the climate on the big labyrinthodonts should have been much stronger 
than the influence produced by the climate on the small modern amphibians. 
lt seems that the following statement must be admitted to be correct: the smaller 
are the dimensions of the animals, the easier they find such dwelling places, the 
microclimate of which makes their existence possible, notwithstanding the 
macroclimate of the areal being in general unfavourable for them. 

Similarly the greater the dimensions of the animals, the harder for them the 
existence in comparatively unfavourable conditions. Thus, the bigger animals 
depend on the climate much more than the small ones. This statement 1s known 
to be confirmed by numerous observations of the modern fauna. 

The hydrophilous and xerophilous forms of labyrinthodonts have undoubt- 
edly been such forms of fossil amphibians, which have been adapted to quite 
different macroclimate peculiarities. 

Besides this, the hydrophiles have been in need of very great relative humidity 
of the air, while the xerophiles could easily endure a comparatively dry climate. 

Having all this in view, we have to acknowledge, that in areals with arid 
climate in which the xerophilous labyrinthodonts could live, the existence of 
hydrophilous labyrinthodents has been at the least difficult. However, we 
cannot say the xerophiles could not dwell there, where the hydrophilous forms 
lived. The relatively humid climate could not, of course, be an obstacle to th 
existence of such terrestrial forms as the xerophilous stegocephalians. 

Therefore we seem to be obliged to admit the hydrophilous labyrinthodonts 
to be a more reliable indicator of the climate, than the xerophilous ones. 

The study of the paleogeographic distribution and chronological 11 
tions of all the labyrinthodonts I have at my disposal has given the following 


interesting results. 
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ibyrinthodonts found in the Upper Permian and Lower Triassic deposits 


the basins of the North Dvina and Volga have been used as material for 


) 


present investigation. All the Upper Permian forms which have been 
to me (Melosaurus sp., Platyops stuckenbergi, Enosuchus breviceps, 
yops watsoni) have proved to be typical xerophiles. A later Upper Per- 
ian jabyrinthodont Dvinosaurus represented a neotenic form and seemed to 
the only representative of the stegocephalians in the end of the Permian 
territory of the eastern half of the Russian Platform. All of the 
labyrinthodonts without exceptions proved in the same region to be 
rophilous forms. 


is allows us to suppose the climate in the eastern half of the Russian Plat- 


to have been relatively dry during the Upper Permian period. Besides, 


Dvinosaurus has really been the only stegocephalian in the end of the 


mian period, its neotenic condition is to be considered as an indicator of an 


‘idity in the very end of the Permian period. 
number of hydrophilous labyrinthodonts in_ the 
indicate relatively humid climate during this period. 
the conclusions resulting of the small material available for us at 
ime. However, we have no reason to insist on the absolute correct- 
these most important statements. At present we may say that so 
know a single typical hydrophile from the Upper Permian 
tern half of the Russian Platform as well as any xerophiles 
deposits of the same region. This of course cannot mean, 
safety affirm that in the Upper Permian there were no 
eotrassic no xerophiles. It is to be remembered that 
value in the paleontology. 
that if a single hydrophilous labyrinthodont is discovered in 
‘pper Permian deposits of the Russian Platform we shall be at once 


1° 


‘d to give up the assumption of the dry climate for the end of the Per- 


shall have acknowledged it to be sufficiently humid. In this case 

Permian xerophilous labyrinthodonts will prove to be only terrestrial 

forms, which are more adapted to a long sojourn on land than the hydrophilous 
stegocephalians. 

As to possible find of xerophilous labyrinthodonts in the eotriassic, it will 
ot change our opinion about the climate of that period, for, hydrophilous forms 
being present, the xerophilous stegocephalians cannot be considered as reliable 
indicators of the climate in the past. 

fo conclude I think it necessary to underline that both the xerophilous and 
hydrophilous labyrinthodonts as to their mode of life, undoubtedly have con- 
siderably differed from the modern amphibians. No labyrinthodont has in that 


respect been like any representative of the recent Anura, or Urodela. There 
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fore to pass judgment on the peculiarities of the climate in the past on the 
ground of these fossil forms is no easy task. 


lo what extent the stegocephalians have differed from the modern am 


phibians can be seen from the following comparison. 


As the xerophilous labyrinthodonts had no intensive cutaneous respiration 


they were similar to newts, but differed from them by a full absence of the 
seismosensory system. Therefore they have been terrestrial forms to a greater 
extent than the newts. However, considering the fact, that their food may 
have consisted only of fish, we must at the same time admit their close 
connection with water. And this connection has undoubtedly been closer than 
in any terrestrial form of modern amphibians feeding on insects. 

The hydrophilous labyrinthodonts, having a very intensive gaseous exchange 
through the integuments, have in that respect been like the terrestrial lungless 
salamanders. However, unlike them, they have had a very well developed seis 
mosensory system, which proves their close connection with water basins. The 


cot their food only in water 


hydrophilous labyrinthodonts have undoubtedly 
like the modern newts. Thus, we discover the simultaneous likeness of th 
hydrophiles with lungless salamanders and with newts. 

The only labyrinthodont, whose mode of life does not rouse any doubts, is 
the Dvinosaurus. We may say with full safety, that in many respects it has 


had a striking likeness to the neotenic forms of the modern Urodela. 
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INTRODUCTION AND ACKNOWLEDGMENTS. 


The Classification of the Insectivores is still uncertain despite repeated 
contributions from distinguished workers. Before any finality can be reached, 
however, it as necessary that the embryology and comparative anatomy of thi 
various problematic groups be known in 1 this 


greater detail, and to that en 


paper is merely a contribution. 


For a review of the earlier taxonomic history of this group the reader 


referred to GREGORY (1910) whose excellent synopsis goes back as far 
RAY (1693). 

The Insectivores, representing the most primitive order of the Monodelphia, 
display a marked diversity. Varied adaptations are to be expected from the 
opportunities afforded by the very great phylogenetic age of the group. Bu 


because of the polymorphism of the group, (which never fails to arouse com 


ment) systematists have had great difficulty in finding adequate criteria for 
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Insectivores were subdivided (HAECKEL 1866) 
the caecum into the suborders Menotyphla and 
was fairly unanimously accepted, but only for 

uacy of our embryological, morphological and 
f the group precluded a natural classification. So we 
“ites ) taxonomische Ver 
Lipotyphla, ibgesehen, dass dabei ein 
verwendet wurde, ist eine 
‘tischen, gruppenweisen Zu 


thaltung geschicht hier aus 


ve been studied in more 
BreER, HENCKEL, JACOB 
nd others, and various 


1 
s have been pro 


research. 

886 PARKER had alread: the resemblance between Tupatids and 
1910) emphasises the remarkable 
yf the Tupaiidae and the Lemuroidea 
Halbaffen einer gemeinsamen Wurzel 
sehr entfernten Zeit angehort, da sich die 
inlich schon wahrend der ersten Halfe der 
ondert haben” (p. 573). GREGORY 

as a morphologically annectant form 
Lemuroidea, and in 1913 he decided 

may have separated very early, 

have developed under thx 


generic relationship 


Lemuroids took place very long ago 


existed primitive Tupatd Insectivores 


tes. Although less widely 


there 
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Le 


even then refera 
GREGORY'S (1910) view was plausible, 
Tupaiidae nicht zu den 

sondern eine ergene Unterordnung der 
~terion SONNT AG (1925) 


den (p. i the tongue as 


T> 
Ca on. | p WOW 
\ the presence or absence ( 
Lipotvphla. This classificati 
nce Simce the inade 
ntological knowledge 
that WEBER (1928) 
Menotvohia «and 
~ a 
ganz untergeordenetes Merk 
nigermassen kunstliche die 
sraktischen und didaktischen Grunden” (p. 113). 
hiterent aspects of the problematic group ha 
4 1 
es by Broom, LE Gros CLARK, SIMPSON, DI 
sON, SONNTAG, CARLSSON, VAN DER KLAAUW, GREGOR 
These will now be discussed. 
e Family Tupatidae, with its subfamilies Tupamnae and Ptilocercinae, has A 
erhaps had the most attention, These small arboreal animals of the Orient 
firs velneved to be typieca Insectivores, but their remarkable Primate 
; TQIO 
stimulus of similar arboreal habits, yet there is a real QI 
etween the two groups” (pp. 248—249). 
The separation of the Tupaiids and 
since in the Bridger Eocene 
Entomolestes) and primitive Lemurike Primi 
separated than the modern forms. th 
\ LRESSON IQ22) TecogmMsca Nad 
ut she maintained further: “Es schei 
Insectivoren gerechnet werden durfen, 
Prosimiae bi 
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agreed with the previous authors on the close affinities of the Tupaiidae and 
he Prosimiae, but he does not altogether exclude the Macroscelidae from 
these relations, maintaining that the sublingua in the Macroscelidae has become 
reduced as in Tarsius while in Tupaia it has become specialized as in the 
LLemuroidea. 

Le Gros CLARK, in a series of papers on different aspects of the Tupaiidae, 
agrees with the above-mentioned authors on the Primate affinities of this 
group. Discussing the myology of Tupaia he (1924 a) states: “that Tupaia, in 
its musculature’ shows very remarkable resemblances to the Prosimiae 
corresponding differences from the Lipotyphlous Insectivora. Were a 
tematist in this case to rely entirely on comparative myology there is little 
doubt that Tupaia would be approximated to the former and separated fron 
the latter order”. He (1924 b) points out that the osteology, myology, vascular 
and genital svstems also show Primate features as does the brai 


11 


| lly be regarded as having 


“indicates that the Tupatidae may logica 


status which would justify their inclusion in the Primate Phylum” (p. 10 


In 1925 Le Gros Crark found further confirmation for the Primate affinities 


of the Tupatidae in the skulls of different species, and in 1926 in a monograph 
on the anatomy of Ptilocercus, he came to the following interesting conclusions : 
“Broadly speaking it may be said that Ptilocercus and Tupaia represent two 
successive phases in the evolutionary development of a Lemurid from a pri 
mitive insectivorous eutherian mammal. Ptilocercus is a remarkabl 


and primitive arboreal mammal. Tupaia exhibits many differences from 


y generalised 
Ptilocercus and these differences in almost every case indicate a closer approach 
to the Lemuroidea. Such conclusions serve to emphasise the truth of the sup 
position that there is a very real affinity between the Tupatidae and_ the 
Lemuroideae.” 

SIMPSON (1931 a) prefers to support the classical inclusion of the Tupatoidea 
with the Insectivora and divides this order into eight super-families. His super 
family, the Tupaioidea | Menotyphla of HAECKEL), contains three families 
viz: Anagalidae (Stupson 1931 b), Tupaitdae and Macroscelidae. Simpson, 
however, thinks the Tupatidae are more closely related to other Insectivores 
than CARLSSON supposes. He derives the Tupaiidae, Erinaceidae and the 
Macroscelidae from a common ancestor but maintains that differentiation 
probably occurred in Palaeocene times. Whether the Macroscelidae arose from 
the Erinaceus stem after the latter became separated from the Tupatidae or 
whether it arose from the Tupaiid stem after separation of the Erinaceidae ts 


according to SIMPSON an open question, depending on one’s personal evaluation 


> 


] { 


of the importance and antiquity of the characters. 
With Srupson, LE Gros KLArK (1932) abandons the distinction of Lipotyphla 
and Menotyphla, but in addition he places the Tree-Shrews and Elephant-Shrews 


in separate superfamilies. This is done because “it would be difficult to conceive 
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brains which are more fundame ntally different and diver- 


ymmalian | 
their structure than those of Macroscelides and Tupaia’’. On the other 


Gros CLARK admits that although Tree-Shrews should logically be 


| imitive Primates as has been suggested by GREGORY, CARLSSON 


{is prim 


Woop JoNEs (1929), they are still much more primitive than any recent 


that order, Finally Le Gros CLrark (1934) concludes: “The posi 
tree-shrews would be more correctly interpreted by finally remov 
nd including them among 


tneir associati 


which, no doubt, they represent extret forms” 


rating the Tupaidae from the Insectivora 
opinions to the contrary have also been expressed. 
the Tupaia hand, and HeNcKEL (1928 a and b) 
1c relationship between the Tupatidae and the Primates. 


R 


KLAAUW (1929) found an entotympanic bone, a ] 


noidei and perhaps even a small proc. tympanicus ! 
auditory bulla of the Tupaiidae and concludes from this that 


Insectivores than that 


Ir exact systematic position, ‘ly generally accepted 


represent the the Primates. 

the affinities of the Macrosceli lae, Broom (1902b) concludes: 
that Macroscelides agrees with the Marsupials in every detail 

the organ of JACOBSON and anterior paraseptal cartilag 


conclusion that it is a very near relative of the Marsupials 


es) 


typical Insectivores”’ 


the organ of JACOBSON a close affinity of 


nd the polyprotodont Marsupials while no near 


Gvmnura could be established. For this reason 


hat “‘the order Menotyphla to which thev (i.e. 


belong must be removed far from the Insectivora 


nt phylum and not far from early Marsupials” 
also prefers to place the Menotyphla im a distinct 
SMITH (1902) and PARKER (1886), recognises 


He establishes a single superorder, the Archonta 


rders Menotyphla, Dermoptera, Chiroptera and Primates, t¢ 
common origin “possibly 


the hypothesis that these orders have had 


uppel Cretaceous resempDi1ng mM nan characters tne 


p. 322). 
CARLSSON (1909), discussing the affinities of concluded 


1 


the suborder Menotyphla was not justified characteristics viz. 


gent in 
ot 
tion of the 
Lin i 
p. 251 
\lthough the ey 
seems to be overwht 
LORENZ IQ27) ina 
1] 
th deny all genes 
laTi\ VAN DER roc. 
+ 1 
ympanicus alisph 
sphenoide In tne a TVA’ 
7 + 
Lupaid bulia is detinitely more like that of the oof th: 
4 
rimates. 
he Tupatidas 
(Concerning 
lng 
“trom the fac 
of this region 
p- 
Broom (1915 a) inferred from 
relations with Erinaceus an] 
Macroscelides and Tupaia) 
nd placed in quite a dittey 
P- 353). GREGORY IOIO) 
order and, with Broom, EL 
to embrace the (¢ 
emphasize 
Q 


173 


CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES” 


a long pubic symphysis, an os bullae and a caecum might have evolved by 
onvergence in unrelated groups. Furthermore she stresses the striking differ 
ences between the Macroscelidae and the Tupaiidae in the brain, « 

tion of the testes and the relations of the male accessory genital glands. 

she provisionally linked the Macroscelidae to the Lipotyphlous Erinacidae and 


thought it reasonable to assume that the Macroscelidae derive from the ancient 


rinaceus stock. In 1922 CARLSSON reaffirmed the opinion expressed in her 


previous work. 

in 1928 Le Gros Crark decided that the cerebral anatomy 
Macroscelidae and Tupaiidae “suggests that the two families represent widely 
divergent forms”, and he maintained that this evidence is quite compatible with 
CARLSSON’s hypothesis (1909) which derives the Macroscelidae from the 
ancient stock of Erinaceidae. Stmpson (1931) also accepts CARLSSON’S views 
on the affinities of the Macroscelidae and the Erinaceidae and therefore dis 
cards the subdivision of the Insectivores into the Lipotyphla and Menotyphla. 

Using the tongue as a criterion SONNTAG (1925) stated that the tongues of 
the Insectivora represent two radiations corresponding to the Lipotyphla and 
Menotyphla, the tongues of the Menotyphla being much more primitive than 
those of the Lipotyphla. Furthermore this author maintained that the Lipo 
typhla and Menotyphla must have diverged from a common stock. The members 
of this stock must have possessed all the characters of the primitive Mammalian 
tongue which are retained among the Mammals only in the Menotyphla and 
the Primates. 

Apart from the Menotyphla the only other group of Insectivores about which 

much confusion still exists is that of the Golden Moles. By contrast with the 
Tupatidae our knowledge of Chrysochlorid embryology is sadly deficient as 
specimens are particularly hard to get in the breeding season. 

Broom (1916) poimted out that the cranial bones of Chrysochloris fusé 
early so that in the adult it is impossible to do more than speculate on their 
structure. He described the skull of a juvenile specimen and drew attention to 
some remarkable features which, however, were difficult to account for without 
other embryonic stages. In discussing the results of this investigation and of 
previous work (1915a and b) on the organ of JACOBSON in _ Insectivores, 
Broom concludes: ‘‘the examination of the skull confirms the result of the 
examination of Jacobson’s organ and its relations, in showing that Chrysochloris 
is not a near ally to Centetes, and that it is not an Insectivore. Further it is not 
allied to the Menotyphla and ought to be placed in a distinct order Chryso 
chloridae” (Broom 1916, p. 458). 

Dogson (1883) agreed that the Golden Moles and Centetes were naturally 
related, but emphasised some important differences which indicate their earl} 
phylogenetic separation. 


SHORTRIDGE (1934) and Roperts (1937) have accepted Broom’s views 


Menotyphla and Chrysochloridae 
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orders. On the whole, however, these views of Broom have not 
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t belongs to the family Soricidae magi first described by | 
iS Pa hy (va ra) ae, but (CABRERA (1924) pointed out that 
size Suncus orangiae is itemcdia’ar 
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Bronkhorstspruit, Eastern 
of the older embryos and } 
tion. This took from a f¢ 
lehydration they were embedded QE (m.p. 54°C). Transverse 
serial sections were cut at a thickness of 10 u in the younger, and I5 u in. the 
older embrvonic stages. 

Before dehydration the material was 
about three days at 40° C. The secti 
Aniline Blue, Orang: G and Acetic 

The following were the crown-rump measurements of the embryos used for 
this research: 6 mm; 6.8 mm; 7.2 mm; 8.4 mm; 9.5 mm; 15.6 mm; 16.3 mm; 
22 mm; 23.5 mm ; 28 mm. \ furthe r specimen ot approximately 6.4 mm was 
sectioned. 

[he sections were projected with the “‘Panphot” microscop and the drawings 
were reconstructed on graph paper. 

A wax model, (100 ) was made of the nasal region of Suncus (15.6 mm) 
to help in the interpretation. 
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Il. THE CHONDROCRANIUM. 


l-awcet?’s (1917) descriptive method will chi fly be followed. This author 
divided the chondrocranium into the central stem, its appendages, lateral struc 
ures, the commissures of the lateral structures and the dorsal structures. 

he Suncus chondrocranium reaches its optimal development at about 


15.6 mm stage. 


A. THE 


Morphologically the central stem is made up of: 

(I) A chordal region which is c ; t variously related to the notochord 
it is also called the planum basale or the parachordal plate, and usually 
in the early ontogeny of lower vertebrates as paired rods on etther 
the notochord. These parachordals may show segmentation not present 
Mammals. 

(Il) The prechordal region of the central stem lies in front of the anterior 


tip of the notochord, and it presents many problems, particularly in Mammals. 


In lower Vertebrates this region is formed by the fused trabeculae cranii which 
usually develop separately on either side of the hypophyseal stalk. The 
trabeculae may not join the basal plate directly in which case a pair of “polar 
cartilages”, first described by van Wyn (1922) becomes interposed. Goop 
RICH (1930) was still uncertain as to the importance of these elements which 
might merely represent the hind ends of the trabeculae separately chondrified. 

Little is known about the phylogenetic significance of the trabeculae cranm 
themselves, which might be of visceral or axial origin or might represent 
entirely new formations. GOODRICH (1930, p. 239) concludes: “On the whole 
the trabeculae are best considered as structures sui generis developed to support 
and protect the fore-brain and nasal sacs.” 

MARINELLI (1936) remains sceptical about a visceral or an axial origin of 
the trabeculae, and with Goopricu he concludes “das es sich hier um Bil 
dungen besonderer Art handle” (p. 217). 

DE BEER (1931) investigating 


y 
| 


the early development of the trabeculae in 


Selachians, Teleosts and Amphibia, supported Huxley’s original opinion that 


the trabeculae cranii were of visceral origin. 

In Mammals the base of the prechordal cranium is rather difficult to inter- 
pret. It usually arises in two regions: 

(i) A median rod extending from the hypophysis to the regi between 
the nasal cavities. It is called the Pars Interorbitonasalis by F TT, the 
anterior trabecular element by Goopricn, and the trabecular plate by STaApT 


MULLER, The last will be used in this paper. 


CENTRAL STEM. 
II 
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Nal 


1 Lamina Hy] yphyseos by other authors. Because of the doubt 


which exists about the homology of this structure, the author prefers to use 


ina hypophyseos” which merely expresses 


its 


tion of the primordial cranium in Suncus 


irect continuity. There is no demarcation 


is not difficult, even at this stage, to gauge their limits 


with moderate precision from surrounding landmarks. 


figs. I an is roughly triangular in shape. The base 


The planum basale | 
of the triangle forms the concave border of the incisura intercondyloidea and, 


with the Hypoglossal foramina as landmarks, it merges into the pila 


rally, 
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Fig, 2. Dorsal view reconstruction of the sphenoidal and auditory regions of the chondro- 
cranium of a 15.6 mm embryo—indicating the position of ossification centres present at 
that stage (X 20). 
occipitalia. This basal region of the triangular plate 1s very thin especially 


along the mid-line in front of the foramen magnum. It is slightly concave 


ibove forming a shallow fossa medullae oblongatae. The anterior or apical 
portion of the basal plate is fairly wide and is separated from the cochlear 
capsule by the extensive jugular foramen and the basicochlear fissure. It 1s, 
however, synchondrotically continuous with the capsule through a wide com 
missure referred to as the chordo-cochlear commissure by Fawcetr (1917) 
ind basi-vestibular commissure by DE BEER (1937). This commissure is 
situated between the jugular foramen and basicochlear fissure. A further 
commissure is present in Suncus which connects the basal plate to the antero- 
medial aspect of the cochlear capsule. It cuts transversely across the basi- 
cochiear fissure and will be referred to as the anterior chordo-cochlear com- 
missure. 

DE BEER (1937, plate 115) illustrates a 14 mm stage of Talpa (after 
NoorDENBOS) which shows a similar arrangement. He mentions, however, 


a 


that the posterior basicochlear fissure soon becomes obliterated producing 


[3 


| 
= hy for 
byc acce y 
= 
| 


connection between the basal plate and the cochlear capsule. (See 
1937, plate 116, figs. 3 < 4, reprinted after Frscner). LEIM- 
(1939, figs. 3 < 1) models the chondrocranium of a 23.5 mm 
which shows a similarly subdivided basicochlear fissure. 
the basal portion of the planum basale the medial and apical 
much thicker. They show a marked dorsal convexity which 
ly downwards on either side to the basicochlear fissure and the 
basicochlear sulcus connecting the two subdivisions of the fissure. Ven- 
lly the anterior part of the planum basale is flat but for slight concavities 
places. There is no trac the chorda dorsalis at this stage. 
The /amina hypophyseos; (figs. 1 and 2). The posterior end of the 
hyseos, which he ‘dial to the carotid foramina, is about as wide as 
‘ior end of the basal plate with which it is fused. This posterior end 


lamina hypophyseos is { and on its dorsal surface there is no indi- 


‘usta transversa. Consequently the fossa 
in Sorex (DE BEER 1929). This author 
Mammals in which a similar condition occurs. 

hypophyseos is attached to the antero-medial aspect 
the commissura basicochlearis anterior (posterior 


of Fawcett). Leading from the extreme antero- 


f the lamina hypophyseos is the processus alaris which com- 


lly with the alicochlear commissure, and with the basal end of 
latter connection being secondary. 
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I. Foramina in central stem: At the optimal stage of chond: 
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presenting the hindmost part of the trabecula of lower Vertebrates—pE BEER, 
ilso called the anterior trabeculo-cochlear commissure—H rT (1917)) and 
iterioriy Dy the processus alaris of the lamina hypophyseos (ties. I, 2 
ind I1). 
2, Early development of the central stem: It 1s difficult 
the different ontts of the contral 
in very early procartilaginous stages they forn 
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trabecular plate is still separate in the 6 mm embryo, but even this blasteme 
rudiment soon coalesces with the rest of the central stem. Up to the 6.8 mm 
stage the major part of the central stem remains blastematous—only the basal 


en 


of the planum basale being chondrified. At the 7.2 mm stage most of the 


central stem is chondrified with no visible separation between the regions. 

The planum basale shows no indication of either a fenestra basicranialis 
posterior or paired parachordals at any stage of its development. Even before 
chondrification the blastematous basal plate 1s confluent with the blastematous 
otic capsule with no basicapsular fissure between them. In the 7.2 mm stage 
practically the entire basal plate is chondrified. The last portion of this region 
to become chondrified is the connection with the otic capsule, which even at 
this stage, is very thin and in parts still procartilaginous. In the 8.4 mm stag 
the connection between the basal plate and the otic capsule is entirely car 
tilaginous and there is no trace of a basicochlear fissure, neither does the 
9.5 mm embryo show this fissure. In the 15.6 mm embryo already described, 
however, the basal plate is separated from the otic capsule by a subdivided 
basicochlear fissure. 

‘he relations of the notochord to the basal plate in Suncus are very constant 
throughout development. The notochord is visible in the 6 mm stage behind 
the hypophysis and dorsal to the blasteme of the central stem. It remains dorsal 
to the basal plate until its final resorption in later development. At no stage 
does the notochord reach beyond the posterior border of the hypophysis. 
Resorption of the notochord takes place from its anterior end. In the 7. 
embryo it still reaches the hypophysis, but in the 8.4 mm stage the anterior 
part has been resorbed completely and only the posterior end lying dorsal to 
the basal portion of the planum basale, is present. The notochord is continued 
posteriorly into the centre of the odontoid process of the axis. In 
embryo it has disappeared altogether but for a short stump between tl 
peg and the posterior margin of the planum basale. 

The reader is referred to STADTMULLER’S (1936, p. 855) excellent summary 
of the comparative relations of the notochord to the basal plate. 

Since the whole basal plate chondrifies hypochordally in Suncus its notochord 
to TOURNEUX’s (1912) classification 


of the retrobasilar type, i.e. according 


y 


of the notochord types—(quoted after STADTMULLER). According to MATTHES 


) 


(1923) the retrobasilar type of notochord is the most primitive, and it 1s found 
in Mus musculus, Mus rattus and Xerus (FAwcETT (1923) as well as [echidna 
(GAUPP 1908) and Ornithorhynchus (DE BEER and FELL 1936). 

The lamina hypophyseos remains pro-cartilaginous up to 
It is already chondrified and in cartilagi continuity with the | 
the 7.2 mm stage. Its two constituent elements, the two polar cartilages (or 


trabeculae of some authors), are separated across the midline even whilk 


blastematous. 


Che fenestra hypophyseos 


After this stage 


tage it gradually becomes 


is most extensive in the 7.2 mm embryo (fig. 11). 
smaller as the chondrification of the 
reads medially. In the 15.6 mm embryo the foramen is obliterated 
internal carotid arteries enter the cranial cavity lateral to the median lamina 
pophyseos. Only in the 8.4 mm embryo do the alicochlear commissures 
chondrified so as to enclose the internal carotid arteries 


temporalis and alicochlear co 
ith one another and with the lamina hypophyseos but, as wil 
in detail later on, the ala temporalis chondrifies f 
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entirely extratrabecular (ontogenetic development of Primates and adult con 
dition in the majority of Mammals). StaptMULLeR (1936) appears to accept 
this interpretation. 

The trabecular plate in Suncus arises as a continuous cylindrical rod except 
for the intranarial portion which has the form of a vertical plate. It merges 
posteriorly with the anterior end of the lamina hypophyseos. The development 
of this region, and of the nasal septum in particular, will be dealt with later. 

3. Post optimal changes in the central stem: Usually the 
central stem ossifies from four centres. The most posterior centre occurs in 
the planum basale and forms the basioccipital, while the centre in the lamina 
hypophyseos forms the basisphenoid. In the anterior trabecular plate ther 
are usually two ossification centres. The more posterior is usually paired and 
is situated medial and anterior to the attachment of the alae orbitales. It forms 
the presphenoid. The other centre which is absent in some Mammals (Broom) 


occurs in the intranasal portion of the trabecular plate near the middle of the 


upper half of the combined cribriform plates; it forms the mesethmoid. The 


latter centre appears fairly late in the intra-uterine development of Suncus, 
but once it is formed it expands rapidly backwards and partly replaces th 
presphenoid. The mesethmoid will be discussed in detail with the nasal capsule. 

The presphenoidal region of the central stem was found to ossify in con 
tinuity with the orbitosphenoids with which it will be discussed. 

Unlike the mesethmoid the basisphenoid in Suncus develops very early. In 
the 15.6 mm embryo the basisphenoid is fairly extensive, although only peri 
chondrally ossified (figs. 1 and 2). The ossification spreads laterally from a 
point medial to the carotid foramina into the alar process and the anterior tip 
of the alicochlear commissure. The middle part of the alicochlear commissure 
is entirely resorbed by the end of the intra-uterine life, while its posterior end 
ossifies in continuity with the otic capsule. The carotid foramen (for. lacerum 
medium) in the adult skull is not enclosed in the basisphenoid as in the Mono 
tremes and Marsupials, but lies lateral to the basisphenoid and is bordered 
postero-laterally by the petrosum. Since the anterior basicochlear commissure 
is resorbed in the 22 mm embryo the anterior division of the fissura basi 
capsularis becomes confluent with the carotid foramen which transmits a small 
emissary vein as well as the internal carotid artery. 

The basisphenoid does not fuse with the alisphenoid till shortly after birth. 

I-nclosed between the basisphenoid, pterygoid and alisphenoid is the small 
canalis Vidianus (canalis pterygoideus) which transmits the vidian nerve and 
a large vein. The basisphenoid does not fuse with the pterygoid, but these ele 
ments are separated by a closely knit suture. The posterior part of the bast 
sphenoid which joins the basioccipital is thick and markedly pneumatic. Dorsall) 

is convex and shows no sella turcica for the hypophysis, which lies over the 
posterior end of the basisphenoid and the junction between it and the basi 


i 
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Medial to the carotid foramina and for some distance anterior to 
dorsal surface of the basisphenoid exhibits a wide and shallow 
The mid-ventral aspect of this region is deply grooved so that the 
is rather thin though compact in the midline, while the markedly 
lateral portions are considerably thicker. Medial to the alar process 
id 1s perforated by an unpaired median foramen which, however, 

ut either bloodvessel or nerve. The central portion of the basi- 


dorso-medial walls of the anterior part of the 


rs before the basisphenoid. In the 9.5 mm embryo 
ingle basioccipital ossification centre is visible very near 
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Lateral view reconstruction of the sphenoidal and auditory regions of the 
cranium of a 15.6 mm embryo (X 30) 
capsule, known as the processus paracondyloideus, is prominent (figs. 
The musculus rectus capitis lateralis inserts into it. Viewed from 
cranit the recessus supra-alaris (recessus jugularis—lFAWCETT), is very wid 


lodges the terminal part of t lateral sinus and, leading from the jugular 


g 
foramen antero-ventrally it separates the pars canalicularis from 

the exoccipital. Postero-dorsal to the recessus supra-alaria the anterior 

the exoccipital cartilage (commissura occipito capsularis posterior) is fused 
to the posterior wall of the pars canalicularis, The fissura occipito capsularis 


> ~ 


inferior is obliterated in Suncus, as in Sorex (DE BEER 1929) (figs. 3 and 5) 
a. Early development of exoccipital cartilages: The blasteme rudiment 


‘ pilae occipitales in Suncus were found to be continuous with the basal ar 


the blastematous planum basale as earl in the 6 mm embryo. In thi 


1 embryo the basal portion of the planum basale was found to be chon 


ied and in synchondrotic continuity with the exoccipitals. The chondrifica 
of these parts apparently spreads from a single centre in | pl 
the exoccipital cartilages are nol ontogenetically separate 
basal plate. In both the 6.8 mm and 7.2 ages the exoccipital 
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es the otic capsule and exoccipital cartilage are not in synchondrotic con 
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Medial view reconstruction of the auditory capsule 


Some of the connections of the auditory capsule to neighbouring parts of 
the chondrocranium have already been discussed. Thus the pars cochlearis 1s 
attached to the lamina hypophyseos by: (a) the alicochlear commissur 


(anterior trabeculo-cochlear commissure of FAwcETT) and (b) by the anteri« 


basicochlear commissure (posterior trabeculo-cochlear commissure of Faw 
). To the planum basale it is attached by the commissura basicochlearis 
posterior (chordo-cochlear commissure of Fawcett), as well as by narrow 
anterior chordo-cochlear commissure. 

The pars canalicularis is connected the antero-ventral edge of the exoc 
cipital through the jomed lamina ris and commissura occipito-capsularis 
posterior. 

Antero-dorsally the pars canalicularis gives rise to the anterior capsule 
parietal commissure which connects it to the lamina parietalis. The lamina 
parietalis lies in a verti plane with a slight dorso-medial inclination. It 


roughly quadrilateral in shape. Anteriorly it is free since the orbito-pariet 
commissure is deficient. Posteriorly the parietal plate is connected to the 
supraoccipital through the occipito-parietal commissure. A well defined fissura 
occipito-capsularis superior (anterior) (v. fissura parieto-capsularis) is en 
closed between the ventral margins of the parietal plate and supraoccipital and 
the dorsal margin of the pars canalicularis, posterior to the attachment of the 
commissura parieto-capsularis anterior and anterior to the commissura occipito 
capsularis posterior. The anterior end of this fissure transmits the lateral 


jugular vein and it is commonly referred to as the foramen jugulare spurium. 
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s.stap. m.stap. 


6. Transverse section through th ars canalicularis of the auditory capsule « 
a 15.6 mm embryo (X 40) 


anterior prolongation which overlaps the pars canalicularis postero-dorsally, 
thus concealing the middle portion of the fissura occipito-capsularis superior 


11) 


(fig. 3). This prolongation, though less conspicuous, corresponds exactly 


of Microtus and Miniopterus 


position to the so called “processus opercularis 
The structures concerned are undoubtedly homologous. If DE BrEER’s theory 
on the origin of the processus opercularis of Sorex and Talpa is correct, then 
this structure in Suncus would represent a detached terminal portion of the 


interior prolongation of the supraoccipital which became secondarily fused 


to the otic capsule in the position already described. Thus Suncus would 
represent an interesting intermediate stage. This question, however, cannot 
be solved without studying developmental evidence, and will therefore be 
discussed later. 

The pars canalicularis of the otic capsule is roughly triangular with th 
apex directed obliquely backwards and upwards. On its medial surface the pars 
canalicularis 1s deeply indented by the fossa subarcuata superior (anterior ) 
interna (fig. 5). This fossa is bound dorsally and postero-dorsally by th 


prominentia semicircularis anterior. Antero-dorsally the fossa subarcuata 


superior interna is bound by the prominentia utriculo-ampullaris anterior 


(superior). The posterior crus of the suprafacial commissure rests on this 
the 


eminence and arches forwards and inwards to the antero-dorsal aspect of 
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The cochlear segment is dome-shaped and is directed forwards and medial- 
wards. The cochlear segments, however, are rather small and do not constrict 
the anterior portion of the planum basale to any great extent. The rounded 


anterior end or cupula anterior ends postero-lateral to the carotid foramen. 


The dorsal surface of the cochlear segment is smooth, slightly convex and not 


indented by any sulci (fig. 2). The ventral surface projects far below the 
central stem (fig. 3) and is more markedly convex than the dorsal surface. 


Ventral to the fenestra ovale and directly medial to Reichert’s cartilage the 


g 
ventro-lateral wall of the pars cochlearis shows a deep vertical sulcus (figs. 
t and 3) the upper part of which is occupied by the stapedial artery and thé 
lower part by the internal carotid before the stapedial artery branches off. 
Having given off the stapedial artery the internal carotid runs forwards and 
upwards round the anterior face of the stapes and courses medial to the 
incus and malleus. In the fossa incudis the internal carotid runs ventro-medial 
to the tensor tympani muscle and lateral to the cupula anterior of the pars 
cochlearis. It is continued forward over the anterior face of the cochlear cap 
sule and enters the cranial cavity through the carotid foramen. The stapedial 
artery pierces the stapes and gives off the arteria meningia media which runs 
upwards and backwards for some distance with the lateral jugular vein. The 
rest of the stapedial artery runs forwards in the fossa incudis but dorso- 
lateral to the tensor tympani muscle. Having emerged from the fossa incudis 
the stapedial artery follows the medial border of Meckel’s cartilage for some 
distance. The medial surface of the cochlear segment is attached to the central 
stem by the commissures already described. 

a. Foramina in the wall of the auditory capsule: Postero-medial to the supra 
facial commissure a depression in the medial wall of the vestibular segment, 
known as the internal auditory meatus, leads to several important foramina 
(fig. 2). Its anterior end leads to the primary facial foramen bridged over by 
the suprafacial commissure. The posterior portion of the meatus is divided by 
the crista falciformis into; I. a dorsal division, or foramen acusticum 
perius, which transmits branches of the auditory nerve to the utricle, 
ampullae of the anterior and lateral semicircular canals, and the dorsal 
posterior divisions of the saccule, and IT. a much larger ventral divisi 
foramen acusticum inferius. This foramen transmits the lower nerve to the 
saccule, the cochlear nerve and a small nerve to the ampulla of the posterior 
semicircular canal. The cochlear nerve in Suncus is enclosed in a separat 
foramen as in Microtus (Fawcett 1917) but a separate “‘foramen singulare”’ 
for the nerve of the posterior canal is not isolated. 

The foramen endolymphaticum for the ductus endolymphaticus is rather 
complicated (fig. 5). The ductus endolymphaticus runs along the dorso-medial 
aspect of the crus commune of the posterior and anterior semicircular canals. 


Immediately behind the prominentia utriculo-ampullaris posterior (inferior) 
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breaks through the dorso-medial cartilaginous wall 


us endolymphaticus 
ominentia cruris communis and runs backwards for a short distance 
low groove along the dorso-medial aspect of the latter prominence. 
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alicularis (not visible from the medial side) and immediately 

into the saccus endolymphaticus medial to the supra-occipital. 
iqueductus cochlea: The posterior end of the cochlear segment of the 
cochlearis becomes the cavum perilymphaticum and the recessus scalae 
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syndesmotic continuity with the otic capsule ventro-medial to the fenestra 
rotunda. 

The fenestra ovalis (fenestra vestibuli) in the lateral wall of the vestibular 
segment of the pars cochlearis lodges the foot of the Stapes and it faces the 
sulcus facialis opposite the root of the tympanohyale. 

b. The interior of the auditory capsule: As Vorr (1909) pointed out in the 
rabbit, the external form of the auditory capsule is intimately dependant on 
the form of the membranous labyrinth. The latter is contained in a complicated 
system of interconnecting spaces which, like the cartilaginous auditory capsule, 
can be divided into cochlear and canalicular portions, and the former can again 
be subdivided into a vestibular and a cochlear segment. These parts do not 
differ greatly from the general Mammalian type, therefore the description will 
be brie 

The cavum vestibulare lies between the cavum cochleare and the cavum 
canaliculare. It lodges the saccule, the canalis reuniens and the proximal por 
tion of the ductus cochlearis. Ventro-medially it is directly continuous with the 
cavum cochleare, the posterior portion of which becomes the cavum peri 
lymphaticum and the recessus scala tympani. Only the extreme 
of the cavum vestibulare is completely separated from the cavum cochleare by 
the basal portion of the septum spirale. This portion of the septum spirale is 
attached to the ventral aspect of the anterior part of the crista falciforn 
and separates the first turn of the ductus cochlearis and the saccule from the 
second turn of the cochlear duct. ’ apical portion of the septun spirale is 
attached to the floor of the cavum cochlear¢ anteriorly, it 1S poorly developed 
in Suncus and its attachment to the cochlear capsule is not visible from the 
outside as a sulcus septalis. The cavum canaliculare contains the utricle, th 
semicircular canals with their ampullae and the crus commune of the anterior 
and posterior semicircular canals. The anterior part of the cavum canaliculare 
containing the utricle and the expanded portion which forms the recessus 
utriculo-ampullaris anterior and lateralis communicates freely with the cavum 
vestibulare. The posterior portion of the cavum canaliculare however, has a 
well-defined floor which projects forwards as a shelf over the cavum peri 
lymphaticum and the aqueductus cochleae. The anterior border of this shelf 
has been mentioned before as forming the posterior border of the foramen 
perilymphaticum. Its medial border is continued forwards for some distance 


as a prominent ridge on the ventro-lateral aspect of the dorso-medial wall of 


the pars cochlearis. The ridge forms part of the boundary between the cavum 


vestibulare and the cavum cochleare. It leads as far forwards as the 

falciformis and, although quite inconspicuous in this region, it seems to be 
coniluent with the septum spirale. The small branch of the auditory nerve 
leading to the ampulla of the posterior semicircular canal and, which in Suncus 


is not enclosed in a foramen or canalis singulare, runs backwards immediately 
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this ridge. The posterior part of the cavum canaliculare expands into 
the recessus utriculo-ampullaris posterior (inferior) which receives the pos- 


ning of the lateral semicircular canal and the lower ampullate opening 


opening 


posterior semicircular canal. Just anterior to the recessus utriculo 


‘is posterior the cavum canaliculare gives off the sinus superior through 
the crus commune of the anterior and posterior semicircular canals com 
te with the utricle. 
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its development. In the 6.8 mm embryo the parietal plate already shows a 
light degree of chondrification and is in blastematous continuity with the 


S 


otic capsule. In the 7.2 mm embryo the commissura parieto-capsularis anterior 
is entirely chondrified. The cartilage of the parietal plate does not join the 
supra-occipital till the 8.4 mm stage. Similarly the anteriorly directed spur of 
the parietal plate does not develop until very late, being absent in the 9.5 mm 
embryo. In the 8.4 mm stage an extremely small splint-like strip of cartilage 
lies just anterior to the parietal plate. This splint is incorporated in the parietal 
plate in the 9.5 mm stage without, however, forming any conspicuous anteriorly 
directed spur. 

Both the crista parotica and the opercular process develop in cartilaginous 
continuity with the pars canalicularis. The crista parotica is the first to 
develop and is already partly chondrified in the 7.2 mm embryo. From thi 
crista parotica the chondrification spreads into the opercular process witl 
which it is in blastematous continuity. In the 8.4 mm embryo the opercular 
process is extensively chondrified. I could find no connections during devel- 
opment (either cartilaginous or blastematous) between the opercular process 
and the slight anterior prolongation of the supraoccipital. On the contrary, 

was found that the opercular process develops at an early stage in situ and 
in continuity with the otic capsule whereas the anterior prolongation of the 
supraoccipital (see later) develops as an outgrowth from the supraoccipital 

itself. Irom the material at my disposal I could not therefore, con- 
firm DE BEEr’s theory on the origin and homology of the opercular process, 
which apart from Suncus, has also been reported to exist in Sorex and Talpa. 
Probably the opercular process of these forms has a precursor in the limbus 
precapsularis described by DE BEER and FELL (1936) in a 9.4 mm embryo of 
Ornithorhynchus. 

The anterior spur of the tegmen tympani which projects forwards over the 
fossa incudis does not chondrify before the 15.6 mm stage. 

The caudal tympanic plate was found to be absent in the 9.5 mm stage but 
a dense membrane is present as its precursor. In the 15.6 mm embryo the 
caudal tympanic plate was already slightly chondrified and in cartilaginous 
continuity with the otic capsule but there seems to be no doubt that it 
chondrifies in continuity with the otic capsule and not from a_ separate 
centre, 

d. Post optimal changes in the auditory capsule: The cartilaginous auditory 
capsule ossifies to form the periotic bone which is also known as the petrosum 
or pars petromastoidea. In the juvenile Suncus the periotic bone is still separat 
and is not fused either with basioccipital, basisphenoid or with the more 


laterally situated dermal elements. It is, however, in slight bony continuity with 


ihe paracondyloid process of the exoccipital just posterior to the jugular 


foramen. 
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parotica as is the case with the tympano-hyale. Usually the tympano-hyale 
ossifies from an autogenous centre near the otic capsule so that its bony 
fusion with the crista parotica to form the processus hyoideus (FRANCK) is 
secondary. PARKER (1885) mentioned that in several Insectivores the proximal 
part of the tympano-hyale ossifies in continuity with the periotic, similarly 
[LOWER (1871) mentioned that the same condition may prevail in the sheep. 

The opercular process in Suncus has a definite autogenous ossification 
centre which does not fuse with the rest of the otic capsule until shortly 
after birth. 

The postero-dorsal canalicular part of the otic capsule ossifies fairly late. 
In the 22 mm embryo a separate ossification centre could be distinguished in 
the prominentia subarcuata superior externa. This ossification centre later 
involves the cartilaginous protection for the canalis semicircularis superior 
(anterior) and fuses with the ossification spreading from the rest of the otic 
capsule into the prominentia semicircularis posterior. The prominentia utriculo 
anpullaris anterior and the prominentia semicircularis are the last portions 
of the otic capsule to ossify being cartilaginous even for some time after birth. 
During the later stages of development the large paraflocculus is firmly 
enclosed in the periotic bone. The part of the periotic bone which encloses the 
parafloccus shows two foramina in its posterior ventro-lateral aspect, the one 
lying behind the other. These foramina, however, transmit no bloodvessels or 
nerves. 


The caudal petrosal tympanic plate in Suncus ossifies very early. Even in 


the 18.2 mm embryo its major part 1s ossified, not from a separate centre but 


in continuity with the otic capsule. During the later stages of intra-uterine 
development and also after birth this bony plate (which may be called the 
processus petrosi caudalis) grows still larger and forms a small bulla which 
completely hides the foramen rotundum and the posterior extension of the 
middle ear. It is not closely related to either the squamosal or the tympanic 
(ectotympanic) bone, but it extends so far forward as to overlap the posterior 
end of the fenestra ovalis and practically to touch the posterior end of the 
processus hyoideus. The antero-dorsal end of the processus tympanicus petrosi 


caudalis bears a slight notch through which the stapedius muscle leads back- 
wards from its attachment to the stapes. The foramen caroticus posterius lies 
immediately in front of the antero-ventral aspect of this petrosal plate. 

VAN DER KLAAUW (1929), in a paper on the tympanic region of the skull 
in the Macroscelidae, describes a caudal petrosal plate which participates in 
the formation of the base of the auditory bulla. He also mentions in this paper 
that the caudal petrosal plate is formed relatively early in the embryo, being 
still cartilaginous in the youngest specimen investigated by him. For this reason 
VAN DER KLAAuw hesitates to call this plate a real processus tympanicus 


petrosi since VAN KAMPEN (1905, p. 452 and 1904, p. 127) maintained that 
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‘osal plate in the Insectivora does not seem to develop in cartilage. | 
quote from VAN KAMPEN (1904, p. 127): “Eerder sou men m.i. nog de lyst 
van het petrosum die by vele Insectivores den achterwand der trommelholte 


voor een entotympanic kunnen aansien en om haar ligging t.o. van het 


Ken kraakbenige 


én om de overeenkomst met sommige Marsupiale. 
se niet te bezitten: Wincza (1896) heeft by verschillende In- 


Erinaceus, Ericulus, Centetes) geen kraakbeen in den wand der 
kunnen ontdekken.” This is no serious objection since it was 


Suncus that the cartilaginous caudal petrosal plate is formed 


yeny as compared with the rest of the chondrocranium, and 

that soon after its formation it becomes ossified. Never is the 

Inous petrosal late as extensive as the osseous plate so that it is quite 
the brief cartilaginous stage in the development of this plate was 

the embryonic stages investigated by vAN KAMPEN and 


may even be possible that the short preformation in cartilage 
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irely omitted in the ontogenetic development of this structure in some 
without, however, affecting its homology. Similar conditions are 


in the alisphenoid and to a certain extent al in the orbito 
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The ala temporalis forms a considerable part of the floor of the cavum 
epitericum and, lying over its dorsal surface, is the Casserian ganglion. In 
Suncus the ala temporalis does not enclose a foramen for the transmission oi 
he maxillary division of the trigeminal nerve. 
1. Early dcvcl As already stated the ala 
temporalis in 
matous conti 
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ind Ovis) in which it chondrifies in continuity with the processus alaris. The 
latter condition is regarded as being in all probability a secondary mani 
festation. 

In the 7.2 mm embryo the ala temporalis is entirely blastematous although 
the posterior portion, and especially the base of the pterygoid process is 
lensely procartilaginous. The latter part of the ala temporalis is the first to 
chondrify (in the 8.4 mm embryo) and from this centre the chondrification 
spreads in three directions, viz: antero-medially into the pterygoid process, 
intero-laterally into the antero-lateral process and postero-medially towards 
the processus alaris and alicochlear commissure (fig. 11). Cartilaginous connec 
tions with the processus alaris and alicochlear commissure, however, are 
not established until shortly after the 9.5 mm stage. The pterygoid process 
and the pterygoid cartilage, although in blastematous continuity, are at no 
stage of their development in cartilaginous continuity as in Sorex. 

b. Post optimal changes in the ala temporalis: The ala temporalis ossifies 
to form the greater part of the alisphenoid bone in the adult. Already in 
the 15.6 mm embryo of Suncus two ossification centres could be distinguished 
(figs. 1 and 2). The larger ossification centre surrounds the fenestra ovalis 
while a smaller centre could be distinguished in the anterior tip of the medial 
pterygoid process. The centres rapidly expand and join one another, leaving 
the basal portion of the ala temporalis (which is fused with the processus 
alaris and the alicochlear commissure) un-ossified till in the juvenile animal 
when the alisphenoid becomes thereby fused with the basisphenoid. The 
pterygoid process of the ala temporalis is completely ossified and indistinguish 
ably fused with the posterior end of the pterygoid bone in the 18.3 mm embryo. 

larger antero-lateral process of the ala temporalis shows a narrow strip 


of cartilage along its upper edge in the 18.3 mm embryo (fig. 4). This outer 


part of the alisphenoid which is pierced by the fenestra ovalis (or “‘canalis 


ovalis”) is thick especially along its upper edge. This edge of the alisphenoid 


is vertically placed and it is fused with the ventral edge of the pars entogle 
noidea squamosi in this region thus participating in the iormation of the 
postero-ventral shelf of the glenoid fossa for the jaw joint. In Marsupials 
the alisphenoid may also take part in the formation of the glenoid fossa. 
The vertically placed anterior end of the alisphenoid extends far forward. It 
is thin, not pneumatic and ventrally it is closely related to the posterior end 
of the palatine and the orbitosphenoid. The greater part of this anterior end 
of the alisphenoid grows out like a dermal bone from the rest of the alisphenoid 


and is therefore not preformed in cartilage. This is not extraordinary in 


p—E BEER (1937), discussing the possibility of membrane bones becoming 


transformed into cartilage bones and vice versa, drew attention to the condition 


15. A. Z. 1947. 


= 
| 
OA” 
Mammals. Corps (1915) reports that in Didelphys the alisphenoid ossifies 
wholly in membrane while in Perameles it is partly preformed in cartilage. 
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of the anterior end of the middle ear 
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though one can 


a processus tympanicus alisphenoidei 


I, 2, 8, 9 and 10) forms an important 


of the primordial cranium. It is a large triangular 
of which is directly dorsally. The anterior basal angle of 


is attached to the frontal prominence of the pars intermedia 


capsule by a fairly broad commissura sphenethmoidalis. The 
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‘ig. 10. Posterior view of a wax model reconstruction of the nasal capsule of 

embryo (X 30). 
apex of the ala orbitalis has the shape of a slender rod which is directed 
downwards, forwards and medialwards. It bifurcates into a taenia preoptica 
(vy. taenia antoptica or preoptic root of the ala orbitalis) which leads medial 
wards anterior to the optic nerve, and a taenia postoptica (v. taenia metoptica 
or postorbital root of the ala orbitalis) which leads to the trabecular plate 


1 
1 


portion of 


behind the optic nerve. In Suncus, however, this bifurcated apica 


the ala orbitalis is more coronally placed (fig. 10) so that the taenia preoptica 
lies antero-medial to the optic nerve and rests on the postero-lateral aspect of 
the cupula posterior of the nasal capsule and the taenia postoptica lies postero 
lateral to the optic nerve. The optic foramen in Suncus is displaced laterally 


and directly ventro-medial to it the pre- and postoptic roots of the ala orbitalis 
fuse to form a slender rod-shaped attachment to the trabecular plate. The 
taenia preoptica is extremely delicate and at this stage it is partly ossified. 
‘rom the anterior edge of the taenia preoptica and the common attachment of 
the taeniae opticae a short spur, probably corresponding inl 
described in Didelphys and Talpa, projects forward 
postero-ventral aspect of the cupula posterior of the 
and 10).The floor of the optic foramen is formed by a small - of cartilag 
corresponding to the ala hypochiasmata in other forms (fi itt] 
spur is free laterally but its medial end is fused with the ala orbitalis ventro 
medial to the optic foramen. The ala hypochiasmata in Suncus lies on the 
nasal capsule. It was first described in a Mammal (the rabbit) by Vorr who 
held it to be homologous with the ala hypochiasmata in 
been described in several other Mammals (see STADTMULLER 19; 

The anterior border of the ala orbitalis is separated from the nasal capsule 


by the fissura orbito-nasalis (or the ethmoidal fissure) through which the 
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1. Early development of the ala orbitalis: The 
hondrities separately as is usual. The first evidence « 
n the 7.2 mm « 
with the central 
dia chondrities trom a separate centre and 
loes not fuse with the ala orbitalis until fairly late (fig. 11). 
b. Lost optimal changes in the ala orbitalis: The greater part of the ala 
orbitalis ossifties to torm the orbitosphenoid in the adult. This ossificatioy 
fakes place In the medial or apical portion of the ala orbitalis. The basal portion 
ind the adjoining commissura sphenethmoidalis are completely resorbed in the 
juve! ind have no counterpart in the adult orbitosphenoid. Ossification of 
the orbitosphenoid commences trom a centre in the medial part of the slender 
preoptic root. This ossification centre can be distinguished in the 15.6 mm 
7, Q and IO). Cxpands rapidly mediaiwards into the ala 
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12, Ventral view reconstruction of the nasal capsule of a 25.5 mm embryo—indicating 
the position and extent of ossification centres present at that stage (X 22). 
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hypochiasmata and the common attachment ic roots to the central 
ste! The short ante rior clinoid process of c root seems to ossify 
from a separate centre which can be clearly m the 18.3 mm embryo 
igs. g and 10). The greater part of the « mg medial to the optic 
foramen grows outwards from the slender ala orbitalis in dermal bone fashion 
until it covers the major part of the cupula posterior of the nasal capsule 
from its lateral, posterior and ventral sides. Due to the absence of a separate 
presphenoid ossification in Suncus the two orbitosphenoid ossification expand 
medialwards and become confluent in the midventral line to take the place of 
the presphenoid. This median fusion of the two orbitosphenoids is first 
observed in the young Suncus n 
been reported for several other 
nd 913 This condition does n 
s totally absent in Suncus. It is 
which is directed SM and 
the alisphenoid and the posterior (the 
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Consecutive transverse section izh the nasal capsule 
the snout of an 18.3 mm embryo (X 65) 


(fig. 12). The orbitosphenoid forms the entire covering of the cupula 
posterior of the nasal cavity during | development, since the greater part 


I 
the cartilagi c; le of this region is resorbed ; replaced 
Of the cartilaginous nasal Capsule OT this region 1s resorbed and not replace 


again by the mesethmoid ossification. In several places the orbitosphenoid 


Li 


becomes indistinguishably fused with the mesethmoid. 

In the juvenile Suncus the foramen rotundum was found to be confluent 
with the large and fissure-like foramen sphenorbitale or foramen lacerun 
anterius so that this common foramen transmits both the maxillary and 
ophthalmic branches of the trigeminal nerve together with the oculomotor, 
trochlear and abducens nerves. Both the alisphenoid and the orbitosphenoid 
takes part in the formation of this large common foramen. 

5. The nasal capsule (figs. 8—10 and 13—22). 
embryo its length is at least half the total length of the primordial cranium. 
In the midline the nasal capsule is connected to the chondrocranium through 
the nasal septum which represents the intranasal portion of the pars trabecul 
aris. Dorso-laterally it is connected to the ala orbitalis by means of the sphen 
ethmoidal commissure. Viewed from the dorsal side the posterior part of 


the nasal capsule, lodging the turbinals, is much widened thus giving the nasal 


capsule the characteristic pear-shape of Mammals. The backward extensto1 


41 


/ / 
\ 
io, 006 406 \ 
fpt. C. Lor wg, 00 OF dz.dni. ita. 
0, 
4 00,5 OF 
at.--" 


unterior. The bot 


indari 


of the nasal sac results in the 
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tween the posterior division of 
the nasal capsule and the apex 
of the ala orbitalis thereby 
leading to synchondrotic fusion 
or merely to apposition of the 
parts concerned. 
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! v by the two laminae cribrosae. It faces backwards rather tl 
It is well fenestrated and these foraminae cribrosae, transmitting the fila 
oltactoria, are all directed downwards and forwards. The postero-dorsal edg¢ 
Of the septu Nasi separates the wo cribriform plat 
rather ocrista galli (fig. 10). The crist 
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‘ig. 16. Transverse section through the region of the nasopalatine cartilages of at 
embryo (X 90) 
the pars posterior of the nasal capsule. It is more horizontally placed than th 


bulk of the cribriform plate and makes a blunt angle with this plate over the 


mid-dorsal aspect of the pars posterior. Medially the tectum posterius is fused 


with the septum nasi. 

The two cribro-ethmoidal foramina are situated immediately lateral 
crista galli near the extreme anterior border of the subcerebral part of the 
tectum nasi. 

The pars anterior of the tectum nasi slopes gently downwards and for 
wards (fig. 8). Medially it is fused with the nasal septum and laterally it is 
completely fused with the upper edge of the paries nasi. The foramen epi 
phaniale is absent as in Elephantulus (pu Toit 1942) , Sorex (DE BEER 1929) 
and Erinaceus (Fawcetr 1918a). The upper edge of the nasal septum in the 
pars anterior forms the base of the sulcus dorsalis nasi. This sulcus, though 
shallow over the posterior division of the pars anterior, gradually deepens 
anteriorly where it eventually leads into the cavum internasale between the 
cupulae anteriores. 

The paries nasi is complete except for the anterior division of the pars 
anterior which is deficient in several places. 

The three regions of the paries nasi can be clearly distinguished. 
The pars posterior, the smallest of the three divisions, is separated from the 


pars intermedia by the postero-lateral sulcus which runs forwards and down 
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to the lower border of the paries nasi (fig. 8). This sulcus corresponds 


internal attachment of the middle and anterior roots of the first primary 


noturbinal. The pars posterior projects down below the level of the nasal 
m and its lower edge is continued into the lamina transversalis posterior. 
ries nasi curves medialwards to form the cupula posterior 
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Transverse section through the region of the “outer bar” of the anterior paraseptal 
cartilages of an 18.3 mm embryo (X go) 
after which it emerges through an elongated foramen which demarcates the 
anterior part of the lamina transversalis anterior from the paries nasi. Anterior 
to this foramen the nasolacrimal duct again enters the nasal cavity through the 
wide foramen pretransversale (incisura pretransversalis anterior, FAWCET1 
1917) (figs. 8 and 14). 

The foramen pretransversale is separated from the fenestra naria by a 
slender bar of cartilage which extends from the processus lateralis ventralis 
to the antero-ventral corner of the paries nasi, DE BEER (1929) describes a 
similar cartilaginous bar in Sorex and, judging from its position, it probably 
represents the processus alaris inferior (STURM 1937). 

Terry regards the foramen pretransversale as actually part of the fenestra 
naria. He calls it the pars lacrimalia to distinguish it from the main anterior 
portion, the pars atrialis. 

Dorsal to the foramen pretransversale there is an elongated fenestra in the 
paries nasi (fig. 8). This fenestra is covered by dense connective tissue and 
it has been described in other Mammals under different names viz: fenestra 
superior nasi (Vort 1909, DE BEER and WoopGeER 1930, pu Toit 1942), 
foramen dorsale (FAwcetr 1917, 1918a and 1918b) and fenestra lateralis 
(SturRM 1937). Anterior to this fenestra the tectum and paries nasi slope 
down steeply into the cupula anterior nasi. ‘rom the ventro-lateral border of 


the cupula anterior a long and slender cartilaginous bar projects backwards, 
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processus alaris 
structures in Suncus and 


ly homologous. pictures of a processus 


Microtus. It apparently not correspond with the 


Erinaceus and Suncus. 


Suncus a strong tendon 


the processus cupul 


nose. 


the lateral aspect of 


the snout laterally, there 


for the upward and downward movement 
powerfully developed. The tendons on eit run forward 
the nasal capsule. Opposite the incisura maxillo 


an extensive fascial sheet which roofs the 
be comes morte 


the tectum 


anterior 


the base of the I li 


into the base of curves downwards between 
anteriores. The two tendons for the downward movement of the 


nose along its 


ilso well developed. They run on either side of the 


aspect and converge anteriorly. foramen pretrans 
ch tendon g1  f is inserted into the 
insertion 


turns upwards thr 


iternasale between the two cupulae 1 is inserted 
tive tissue over the anterior end of the sulcus dorsalis 
nuscles which act through the three sets of tendons described 


1out extremely mobile. The c lae anteriores are 
lt which prevent then 


These two lgaments are 

1 ventro-medial aspects of the cupulae anteriores 

Besides keeping the two cupulae anteriores together these ligaments 


ventral tend ins over their antert 


n upward and backward direction. 


r pair of muscle tendons moves 


the 


runs forward over 


the nose. 
confusion existed in the past about the relations of the 
Hans STURM (1937) gives a good account of these difficulties and 
ours to establish a satisfactory system of nomenclature. Concerning the 
ion of these cartilages he concluded. “‘In die Ausbildung der Pro 
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Transverse section through the nasal capsule of an 18.3 mm embryo—at the 


the posterior ends of the anterior paraseptal cartilages (X 75). 


cessus alares superior und inferior konnen wir das Bestreben sehen den hin- 
tersten Absnitt der Fenestra naria, in den der Ductus Nasolacrimalis einmundet, 
nach vorn zu abzuschliessen” (p. 200). 

The processus alaris superior in Suncus is well developed. It lies lateral to 
the plane of the paries nasi and medial to the processus cupularis. It is directed 
upwards and backwards. The relations of the processus alaris superior are 
complicated. Ventrally it arises from a slender root on the antero-lateral cor- 
ner of the processus lateralis ventralis (figs. 8 and 9). In its postero-dorsal 
course the root of the processus alaris superior crosses the atorementioned 
processus alaris inferior with which it is in slight cartilaginous continuity (fig. 


13 D). Enclosed between the roots of the processus alares superior and in- 
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all fenestra which does not transmit any bloodvessel or nerve. 
its centre the processus alaris superior is in slight cartilaginous continuity 


‘les nasi antero-ventral to the fenestra superior nasi. 


attachment of the processus alaris superior to the processus 
ralis ventralis is exceptional but it has been recorded in Sorex by DE BEER 
in a young pig embryo by Sturm. It may also be present in Microtus but 
rt’s description is not clear on this point. In Suncus, therefore, the 
‘la is bounded anteriorly by the cupula anterior, ventrally by the 
lateralis ventralis, laterally by the processus cupularis and postero 
the root of the processus alaris superior and the processus alaris 


(solum nasi) of the nasal capsule is rather incomplete. The lamina 
lis posterior forms the floor of the pars posterior of the nasal cap 
is confluent with the floor of the cupula posterior but as 


the pronounced ventral projection of the pars posterior the lamina 


‘rior is not horizontally situated. Its medial edge is curved 


medialwards (fig. 15) but does not reach the ventro-lateral 
] 


septum, remaining separated from the latter by an appreciabk 
Fused with the antero-medial aspect of the lamina transversalis 
posterior is the posterior paraseptal cartilage which therefore, also contributes 
he formation of the floor of the pars posterior. The posterior paraseptal 
is separated from the nasal septum by a very narrow septo-paraseptal 
This cartilage has no anteriorly directed spur but it bears a conspicuous 
rly directed spur which remains free and 1 fused with the 
alis posterior as in Sorex (figs. 9 and 15). In Elephantulus a similar 
spur was described by pu Toit who regarded it as part of the 
transversalis posterior and not as part of the posterior paraseptal 
iiddle portion of the nasal capsule has practically no floor 
an extensive fenestra basalis. The antero-medial portion of 
fenestra ‘tly floored by the anterior paraseptal cartilages 


discussed 
solu nasi is formed by the lamina 

lina is fused to the ventro-lateral 
nasi, while laterally it 1s confluent with the ventral border 
In this way a complete zona annularis is formed (fig. 9). 
act that the lamin: ‘er level 
fact that the lamina transversalis anterior lies at a lower level 


conspicuous sulcus ventralis nas1 


tral border of the nasal septum a 


lamina transversalis anterior is continued into the pro 
lis (SpPURGAT) which again passes over insensibly into 


1e cupula anterior of the nasal capsule (fig. 9). STURM (1937) gives a short 
the processus lateralis ventralis and also supplies a list 


torical review of 
by certain other authors. The 
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lransverse section of the hard palate of an 18.3 mm embryo—passing through 


the maxillary palatine processes (X go). 


recurved lateral edge of the processus lateralis ventralis in Sunecus is in 
cartilaginous continuity with the processus alares superior and inferior. The 
ascending medial portion of the processus lateralis ventralis which is fused 


with the nasal septum displays an elongated deficiency which faces the sulcus 


ventralis nasi. 

Posterior to the zona annularis, neither a processus transversalis nor pro 
cessus maxillaris are present. The vertical or ascending medial border of the 
to be directly continuous 


was found to 


lamina transversalis anterior, however, 
with the anterior paraseptal cartilage. 
The anterior paraseptal cartilage | 


he more specialised Eutherian type described by Broom (1915 a and b) and 
Insectivores, i.e. the 


figs. 8, 9 and 16—18) in Suncus is of 


which, inter alia, is also characteristic of the typical 
Lipotyphla. The anterior paraseptal, like the posterior paraseptal cartilage, is 
separated from the septum nasi by a narrow septo-paraseptal fissure. Pos 
teriorly it ends freely in the basal fenestra so that the two paraseptal cartilages 


ire not directly connected. This seems to be the common secondary condition 
in Mammals, since a cartilago paraseptalis communis (ZUCKERKANDL) is only 


found in the following Mammals: Halmaturus (SEYDEL 1896), Lepus (Vo! 


1909), Trichosurus (Broom 1909), Felis (ZUCKERKANDL 1909 and TERRY 
1917), Dasyurus (Fawcetr 1917), Microtus (FAwceTT 1917), Xerus 
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Manatus (MATTHES 1912) and Mycetes (communicated to Prof. 


R 1936, by Prof, Fawcett). 


the cartilago paraseptalis anterior which arises from 


g 
lamina transversalis anterior has the shape 
compressed laterally. StuRM (1937) regards this 


of the paraseptal cartilage a strong 


portion of the anterior paraseptal cartilz is more complicated. 


itral edge the cartilago ductus nasopalatini is attached (fig. 8). 


roofed by the posterior attachment of the anterior bar 


ortion of the paraseptal 


yntinued 
a roof for Jacobson’s organ 
horizontal lamina described by STURM who 
homologous with the “outer bar” (Broom). Actually this “hort 
does not reach the recurved ventral edge of the vertical lamell 
Mammals, where 
Jacobson’s duct, not exist in 


recurved ventral 


4 11 ++ 
is typically trough 
a ventro-lateral 


acobson’s organ (fig. 8). This region, however, may be com 


1 


tirely 


flat (see STAD1 


r paraseptal 

the nervus nasopalatinus or 

continued forwards in a shallow 

the anterio1 

passes through the foramen incisivum with 
of Jacobson’s organ and supplies the 
before the nasopalatine nerve passes through 


aspect of the anterior par “artilagt 


organ of Jacobson 


ilar groove which contains a merve in the 
paraseptal cartilage in Crocidura and although 
imilar groove is present in Elephantulus though less 


picuous. Th rga f Jacobson in Suncus does not extend back beyond 
Cartilago ductus nasopalati igs. . his structure, STURM 


1937, p. 219) gives a good synoptic description. He writes: “Wir verstehen 
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ransverse section through an 18.3 mn 
ethmoturbinal 


roug 


1 
h the anterior extremity 


(cartilago ductus nasopalatini) eine Knorpel der den 
von vorn oben und von den Seiten umfassen (sickle-shaped). 


in den meisten Fallen nach hinten in den Paraseptalknorpel tber seltner ist 
seine Anheftung an der Vorderkante oder an der Ventralflache der lamina 
transversalis. Der knorpel kann isoliert sein.” In Suncus this cartilage is wel 
developed and its postero-medial wall is closely fused with the antero-ventral 


aspect of the anterior paraseptal cartilage. It is directed anteroventrally and 


has the shape of an inverted tapering trough which surrounds the 


the ventro 


nasopalatinus dorsally and laterally. The posterior extremity of 


lateral wall of the cartilago ductus nasopalatini projects backwards as a short 


spur of cartilage which is closely applied to the anterior ventro-lateral aspect 
of the anterior paraseptal cartilage (figs. 8 and 16). Probably this little car 
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tilaginous spur represents a rudiment of the cartilago palatini which is fused 
with the cartilago ductus nasopalatini as is frequently the case. 

Medial aspect of the paries nasi: Medially the paries nasi, especially in the 
pars posterior and pars intermedia, is characterized by the outgrowth of the 


artilages (fig. 15). These cartilages subdivide the cavum nasi into 
‘ies of recesses and are situated approximately at right angles to the plane 


the lamina cribrosa. In most Mammals where the lamina cribrosa is chiefly 


subcerebral and not steeply inclined backwards the turbinals are nearly verti- 


and the recesses between them have a great dorso-ventral depth. 


In Suncus, however, where the cribriform plates are almost vertical the turbinal 


inclined forwards 


1 


lages are nearly horizontal, being only very sli 


and downwards (fig. 15). Similarly the longitudinal of the enclosed 


recesses run in the same direction as the longitudinal axis of the nasal capsule. 


The turbinal cartilages are of two types: 


ethmoturbinals, also known as major ethmoturbinals or endo- 


] 


yunoturbinals, also known as minor ethmoturbinals 


el 


is separated on its medial side the pars intermedia 


first primary ethmoturbinal. This ethmoturbinal is 
of the three primary ethmoturbinals which are all contained 

pars posterior. 
ethmoturbinal and lamina 


a cribrosa 


‘tly continuous. 


paries nasi resulti sulcus 
lis externally. The fourth or ‘rior root is vertically placed. It 
‘ds fr { point of t medial and anterior roots 
posterior delimination for the recessus inferior et anterior (fig. 
‘mary ethmoturbinal Beyond the attach 
rger upper lamella of 1 first primary ethmoturbinal 


ial side it hides 

as well as 

lamella of 

ed between the two 

Which leads upwards 
cribriform plate. 


It is much 


216 
G. H. ROUX 
1 
Of 
wally placed 
1. Dona) 
turbinals. 
LY& 
titviiiad 
yy the atta 
by tat the 
within the 
ine tirs] 
cribrosa bv four roots. The sterior root springs from t lan i ii”! 
ribrosa by four 1 posterior root springs from the lamin 
forming the taint crista intercribrosa at its origin (figs. 10 and 15). The middle 
ind anterior roots are dire(# 777MM They lic almost in a straight line, 
their attachn 
posterolatera 
passes upwa 
ind forms tl 
15). The firs 
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considerable part of the recessus inferior and anterior f 
part ot the recessus supraconchalis (fig. 15). The small 
he tirst primary ethmoturbinal is concave above. Enclo 
iumellae of this ethmoturbinal is a fairly extensive recess 
ind backwards to a set of small olfactory foramina in thi 
[he secondary primary ethmoturbinal runs parallel to the first. = 
smaller, unilamellar and concave above. Posteriorly it is attached to the lamina 
ribrosa, laterally to the paries nasi and anteriorly to the recurved anterio1 
wrder of the pars posterior (fig. 15). [Enclosed between the first and second 


CRANIAL DEVELOPMENT OF 


4,0 


Transverse section through the nasal capsule of an 18.3 mm embryo—at 
level of the lamina transversalis posterior (X 50). 


primary ethmoturbinals is a deep recess which, at its base, is subdivided into 
two secondary recesses by the development of the third secondary ethmotur 
binal. This ethmoturbinal is only very small in the 18.3 mm of Suncus (fig. 22). 
The third primary ethmoturbinal is of a simple composition and is the 
smallest of the three. It runs more or less parallel to the 


second primary 
ethmoturbinal, is markedly 


concave antero-dorsally and springs from. the 
posterior ventro-medial aspect of the paries nasi. Anteriorly it does not reach 
the recurved anterior border of the pars posterior. A deep recess is enclosed 
between the third and second primary ethmoturbinals which, however, does 
not lodge any secondary ethmoturbinals at its base. The recessus cupularis lies 
postero-ventral to the third primary ethmoturbinal and it communicates with 
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two fenestrae olfactoriae. Dorsally the cupular recess is 
posterius, posteriorly the cupula posterior of the nasal 
trom cavum cranii and ventrally this recess is bound 


amina transversalis posterior. 


1< separated from the 


floor and 


pars anterior by 
of which corresponds externally to the 
obliquely forwards and downwards. Its 
downwards in front of the recessus anteri ; 
vackwards. The free edge of the crista semicircularis which projects 
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low upper 
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primar 
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rises, Interior 
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the cavum cranii by 
bound by the tectun 
apsule separates it 
nd bends 
OWnWar 
wards to the free edge of the paries nasi as a faint ridge ee 
the recessus glandularis. Viewed from the medial side the pars 
irgely hidden fro lew by the free postero-ventral border of the Hill 
semicircularis and the extensive upper lamella of the first primary ethmo Wes: 
The bulk of the pars intermedia is divided into an anterior and posterior 194’ 
sion by the vertically placed superior root of the first primary ethmotur 
inal. The posterior division of the pars intermedia forms th very deep and 
: far laterally projecting recessus superior (rec. frontalis). externally it forms 
; he conspicuous prominentia superior (prom. frontalis). Ventrally the floor 
of this recess is formed by the middle root of the first primary ethmoturbinal. 
\ttached to the base of the recessus superior are the well Gq and 
second ethmoturbinals (figs. 15, 21 and 22). The free edges of these ethmo 
turbinals are slightly thickened and they both extend ' i 
; plate behind to the vertical superior root of the first primary 
front. These two secondarv etl _ 
into thre, secon lary recesses 
secondary recess is the widest ¢ 
ery deep (figs. 21 and 22). It 
intero-dorsally and the first s 
eriorly this recess communicates with the reces 
edge of the superior root of the first 
n Elephantulus. The middle secondary recess (anterior 
Torr) hes between the first and second secondary eth jt is 
fairly deep. From the prot lle 
secondary recesses the comm a 
‘ondary recess lies below the the 
root of the first prin ler, 
s of considerable depth and is entirqJ from view medially by the 
upper lamella of the first primary 
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Fig. 22. Transverse section through the regio olfactoria of the nasal capsule 


18.3 mm embryo (X 50). 


The anterior division of the pars intermedia, enclosed between the crista 
semicircularis anteriorly and the superior and anterior roots of the first pri 
mary ethmoturbinal posteriorly, consists of the recessus anterior, recessus 
inferior (rec. maxillaris) and part of the recessus glandularis. The first of 
these recesses 1s vertically placed and it lies under cover of the crista semi 
circularis (fig. 15). Ventrally it merges into the recessus inferior. The latter 
recess is rather poorly developed in Suncus. Posteriorly it ends blindly, being 
bordered by the anterior and superior roots and the upper lamella of the first 
primary ethmoturbinal (fig. 15). Anteriorly the recessus inferior communicates 


with the recessus anterior and the recessus glandularis. The latter is rather ill 
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ined. FAWCETT (1917, p. 344) said: “It (the recessus glandularis) is not 
distinct and it is only definable by modelling in situ the lobules of the 
gland (glandula nasalis lateralis).” In Suncus, however, the glandula 
is extensive. It is incompletely divided into two main portions. 

portion is situated in front of the crista semicircularis 

ul occupies practically the whole of the recessus supraconchalis above the 
ixilloturbinal. The posterior division of the glandula nasalis lateralis occupies 
the junctional region between the recessus inferior and the recessus superior. 
‘rom this point it extends backwards and lines the entire recessus inferior. 
ilso projects forwards and upwards under the most forwardly projecting 


semicircularis, thus filling a great part of the recessus 


20). The posterior division of the glandula nasalis lateral is 


anterior division by a fairly wide isthmus which leads forwards 
processus uncinatus of the crista semicircularis and over the faint 
ied by the ventrally projecting base of the latter crista. This descrip 
the glandula nasalis lateralis furnishes ample proof 
this gland could hardly be regarded as a criterion for 
recessus glandularis. As a matter of fact the recessus 
a constant anatomical entity. It certainly has 
the name “‘recessus glandularis” could probably 
the area usually alotted to this recess is actually part 
and supraconchalis. 

-ro-posterior length. The ventral border of 
is thickened to form the maxillo-turbinal. This turbinal is 
with the atrioturbinal anteriorly but is separated from 
paries nasi probably representing an 

illo-atrioturbinalis (Voir) (fig. 8). 
fairly well developed in Suncus. It reaches as far for 
border of the fenestra superior nasi and it 1s attached 
idway between the upper and lower limits of the pars anterior. The 
is continuously fused with the paries nasi, the attachment of its 
portion causing a very slight sulcus externally. The latter sulcus 
ates the prominentia supraconchalis dorsally (fig. 8). The posterior 
well developed and projects far downwards 


the nasoturbinal is 

itv. Its fusion with the anterior border of the crista semi 
ly 
1] 
il 


raised and not well defined (fig. 15). Immediate 


‘a Maxillo-atrioturbinalis the nasoturbinal is extremely sma 
practically disappears, but anterior to this incisura and on the inside of the 
it 1 better defined (fig. 14). The duct of the 


annularis it is again much I 


al 


part ot the crista [ie 
nterior (fig. 
joined 
LOW 
lox f 
tion of eke 
1 1 
tnat tn L a 
elandul 
1) 

Th, 
POS 

extens 

ward a 
iDOUT 1 
nasotur 
posteric 
portion 
nto the nas 
circularis 1s 
aDO\ 
ind 
zona 
glandula nasalis lateralis runs forwards directly ventral to the anterior hali of 
the nasoturbinal. 

50 


221 

CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES” 

enclosed between the nasoturbinal and the maxilloturbinal is the well devel 
oped recessus supraconchalis which lodges the major anterior part of the 
glandula nasalis lateralis. Externally this recess gives rise to the prominentia 
supraconchalis which is perforated near its posterior border by a small elong 
ated fenestra which, however, does not transmit any bloodvessel or nerve 
(fig. 8). 

The atrioturbinal which is usually described as the internal counterpart of 
the sulcus nasolacrimalis conforms to this description in Suncus although its 
relations and those of the ductus nasolacrimalis to the zona annularis do not 
altogether conform to the condition usually prevalent in Mammals. As_ has 
already been mentioned the ductus nasolacrimalis enters the nasal cavity behind 


the lamina transversalis anterior. It again emerges from the nasal cavity 


through the anterior part of the lamina transversalis anterior and is continued 


forwards for a short distance in a deep sulcus before re-enteri 


cavity through the foramen pretransversalis. On its first 

the nasolacrimal duct is partly enclosed between two cartilaginous ridges, a 

small ventral and a larger dorsal ridge (fig. 14). These two ridges which 

together form the atrioturbinal completely surround the nasolacrimal duct in 


some places and fuse with each other medially to enclose the nasolacrimal 


duct in a definite canal. Anterior to the exit of the masolacrimal canal thes« 
ridges continued forward and fuse to form the floor of the short sulcus which 
lodges the anterior part of this canal (figs. 8 and g). The significance of the 
above-mentioned condition seems to be obvious. The original sulcus naso 
lacrimalis which passed across the ventrolateral border of the zona annularis 
became so deep due to pressure exerted by the nasolacrimal duct that pressure 
deficiencies were formed at its base. The consequent weakening of the nasal 
capsule in this region was compensated for by a secondary growth of cartilage 
over the outer surface of the nasolacrimal duct so that the latter duct was now 
enclosed inside the newly completed zona annularis. The atrioturbinal and the 
sulcus lacrimalis therefore still remain homologous with similar structures in 
other Mammals. The validity of this statement is proved by the development 
of the nasal capsule in Suncus (see later). 

The septum nasi has the shape of a large triangle the base of which 1s 
formed by the ventral border of the nasal septum. The apex of the triangle 
is formed by the anterior limit of the upper border of the subcerebral portion 
of the nasal septum. Irom this peak the posterior face of the triangle slopes 
steeply downwards and backwards almost at right angles to the plane of the 
slowly declining anterior face of the triangle. The septum nasi, which 1s 
widest along its ventral edge, has a great dorso-ventral depth. Its maximum 
width is found between the cupulae posteriores of the nasal capsule, and 
directly behind these structures the septum nasi is continued as a solid cy 


lindrical bar. Between the partes anteriores of the nasal capsule the septum 


the nasal 
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display a foramen internasal tra septt) 


Mammals. [Immediately < ‘rior to the centre 


linae cribrosae the nasal septum displays a small deficiency 


the 
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foramen cribro-ethmoidalis. This deficiency, however, 
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the Nasal Capsule: The nasal septum is said to be 


to chondrify. (NOORDENBOS 1904 and 1905 
1923) maintains that the septum nasi 
in Tatusia, Xerus and Talpa and that later 


division of the central stem. In Suncus the 


the nasal septum) was found to be blastematously 


central stem in the 6 mm embryo but shortly 


becomes continous with the remainder of the central 


1° 


irect continuity with it. Compared to the rest 
i in Suncus is about the first part to 

) spread from behind forwards. 

tip of the septum until shorily before 
iryo the entire nasal capsule is still blastema 
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if included in the latter by an outgrowth of dense procartilage round 


surface so that the condition in the adult Suncus has to be regarded 


secondary specialisation. 
Concerning the development of the turbinal cartilages it was found that the 
first to appear in ontogeny are the crista semicircularis and the first primary 


ethmoturbinal. Both these structures were found to be fairly well developed in 
the 8.4 mm embryo where traces of the second primary ethmoturbinal, the 
Hirst and second secondary ethmoturbinals and the nasoturbinal are already 


to be seen. In the 9.5 mm embryo all the turbinals are developed except for 
the maxilloturbinal and the third secondary ethmoturbinal. 

The eribriform plate does not arise until fairly late end even then appears 
to grow out from the pars posterior and the pars intermedia of the nasal 
capsule. The central portion of the cribriform plate is the last to make its 
appearance. 

The poorly developed posterior paraseptal cartilage does not chondrify fron 
a separate centre in Suncus but it arises in continuity with the lamina trans 
versalis posterior. Although absent in the later stages a short but well-defined 
anterior spur to the posterior paraseptal cartilage was found to be present in 
the 9.5 mm embryo. At this early stage it was already partly invaded by 
vomer. This probably accounts for its absence in later developmental sta 
The posterior spur to the posterior paraseptal cartilage develops later. 

The anterior paraseptal cartilage does not chondrify until fairly late. Ever 


cartil 
age could be distinguished as an isolated concentration of cells free from both 


as early as the 6 mm stage the position of the future anterior parasepta 


the nasal septum and the lamnia transversalis anterior. In the 8.4 mm embry: 


the anterior paraseptal is still densely procartilaginous but at this stage it 


1S 


blastematously continuous with the lamina transversalis anterior. In the 9.5 mn 


embryo the anterior paraseptal cartilage was found to be fairly well chondrified, 


and in very slight synchondrotic continuity with the lamina transversalis 


anterior. There cannot, however, be any doubt that the anterior paraseptal 


cartilage in Suncus arises from an autogenous chondrification centre as in the 
1917), pig (STURM 1937), hedgehog (see STURM 1937) and 
horse (ARNOLD 1928). The recurved ventral edge of the vertical 
the anterior paraseptal cartilage which is still procartilaginous in 
embryo is the last part of the anterior paraseptal to chondrify. In 
stage it is already complete and its anterodorsal end 1s attached to t 
lateral border of the vertical lamella by a delicate vertically placed “outer bar’’ 
[his latter structure, however, is resorbed soon after its formation. It will be 
recalled that in the 18.3 mm stage only a band of connective tissue marks the 
position of the “outer bar”. The occurrence of the “outer bar’, as far as its 
development and resorption is concerned, is subjected to considerable variation 


in ft 


n the groups of Mammals in which it has been described. So for instance we 
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find that ArRNBACK CHRISTIE LINDE (1914) maintains that the ‘outer bar” 
becomes reduced in older embryos, while as is the case in Suncus, it may be 
formed fairly late and be resorbed again very soon after its formation. On 
the other hand it may be formed very late and be retained in its complete form 
in the adult as in Erinaceus (MICHELSSON 1922 and SpuRGAT 18096) and the 
pig (STURM 1937). 

As regards the significance of the “outer bar” different opinions are held. 
Broom, who first described and named this structure in Macroscelides (1896), 
as well as ARNBACK CHRISTIE LINDE (1914) regard it as a primitive structure 
and homologize this structure in the Marsupials and Placentals with a turbinal 
which is still present in the Monotremes. ToEpLitz (1920) strongly opposes 
this homology, and maintains that the ‘‘outer bar” “ist nichts als eine tber- 
dachung der Miindungstelle des Canalis Nasopalatinus, eine Restpange gewis 
sermassen der Seitenwand des Paraseptalknorpels wie sie gerade an dieser 
stelle bei einer ganzen Reihe auch placentaler Saugetiere auftritt.” pu Tor 
(1942) gives a list of Mammals in which an “outer bar” in lowly orders of 
Mammals has been described. BRoom (1939, p. 325) writes: ““An outer bar is 
a Marsupial character which is retained in the Edentata, the Tubulidentata, 
the Menotyphla and the Chrysochloridae.’’ Apart from these we may also find 
an “outer bar” in higher Mammals viz; in some of the Lipotyphla: Erinaceus, 
Suncus, Sorex and Crocidura, also in the pig and ox (STURM 1937). This 
latter author (p. 208) concludes: “Diese Tatsache, dass der Knorpel bet 
hochentwickelten Saugern noch in spaten Embryonalstadien eine erhebliche 
Vervollkomnung erfahrt und dann auch beim Erwachsenen in vollen Umfange 
erhalten bleibt, spricht jederfalls nicht daft, dass wir es mit einem Seiten- 
wandrudiment zu tun haben, sondern weist vielmehr auf eine progressive 
Bildung hin.” pu Torr (1942) also remained sceptical regarding the taxonomic 
value of the nasal cartilages. 


The cartilago ductus nasopalatini in Suncus is formed even later in ontogeny 


than the anterior paraseptal cartilage. In the 8.4 mm embryo only a slight 


blasteme trace of the proximal division of the nasopalatine cartilage was 


encountered and it was found to be continuous with the antero-ventral aspect 


of the anterior paraseptal cartilage. In the 9.5 mm embryo the nasopalatine 
cartilage is clearly outlined in procartilage, slight chondrification spreading 
from the anterior paraseptal cartilage has already set in at its proximal divi 
sion. Chondrification of this structure is nearly complete in the 15.6 mm 
embryo. Its posteriorly directed spur (cartilago palatini), however, does not 


arise from an autogenous centre and although fairly small at this stage it 


rapidly increases in size in later development. 
b. Post optimal changes in the nasal capsule: (figs. 11 and 23—26). The 
post optimal changes in the nasal capsule can be summed up under two heads 


i,—resorption and b, ossification. 
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Ventral view reconstruction of the middle portion of the nasal capsule ot 
28 mm embryo (X 30). 


25 and 26). It also gains continuity with an extensive deficiency in the upper 


part of the nasal septum antero-ventral to this region. This latter deficiency 


does not appear until after the 25.5 mm stage but even in the 22 mm embr 
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Fig. 26. Dorsal view reconstruction of the middle portion of the nasal capsule 
embryo(X 30) 


lane 
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until eventually it takes the form of a cylindrical rod ventral to the deficiency. 
Broom (1915 b) reported a somewhat similar condition in an adult Centetes. 
Between the two resorption centres in the tectum and paries nasi just 
nentioned a slender transverse rod of cartilage is retained. This rod is not 
lirectly continuous with the rest of the nasal capsule but it completely separates 
the two resorption centres previously described, and the anterior detached 
portions of the nasoturbinals remain attached to its anterior ventro-medial 
Iges (figs. 25 and 26). As a result of this resorption in the tectum, septum 
ind paries nasi immediately anterior to the dermal bone roof of the nasal 
capsule the anterior division of the pars anterior becomes detached from the 
ater posterior division of the nasal capsule except for the cylindrical ventral 
of the nasal septum which remains intact. The reason for this resorption 
is obvious as the region behind the zona annularis where only the cylindrical 
septum remains intact undouptedly forms the base on which the proboscis can 
carry out its rotatory movements which are so often preceived in the liv- 
ing shrew. 
In the juvenile Suncus, immediately before ossification sets in, extensive 
resorption from different centres renders the paries and tectum nasi in the pars 
rmedia and pars posterior well fenestrated. This resorption especially affects 
prominences caused by the internal recesses between the ethmoturbinals 
all these resulting fenestrae are completely roofed over by the frontals. 
Ossification in the nasal capsule emanates from different centres. Up to the 
stage the only part of the anterior paraseptal cartilage to ossify is the 
vertical lamella which corresponds with the 
postero-ventral t of the “outer bar” (fig. 25). This ossification does not 


‘ommence until late, being non-existent in the 25.5 mm stage. 


> 


In the regio respiratoria of the nasal capsule both the maxilloturbinal and 


nasoturbinal ossify from autogenous centres (figs. 24—26). The first trace 

of ossification in the maxilloturbinal has been noticed at about the centre of 
the latter structure in the 22 mm embryo. In the juvenile Suncus of 28 mm 
ire maxilloturbinal is ossified and its ventro-lateral edge is fused for 


distance with the inner aspect of the maxilla, a condition not uncommon 


rst Mammals. As compared to the maxilloturbinal the nasoturbinal 


rly late. In the 25.5 mm stage an ossification centre in the most 


ossifies fai 
prominent part of the latter structure could be distinguished. In the 28 mm 
stage this ossification centre is still clearly separated from the ethmoid bone, 
und neither does the ossification at this stage invade the extreme anterior end 
f the nasoturbinal. 

In the posterior Regio olfactoria of the nasal capsule the extensive ethmoid 
bone ossifies from three main centres, Although several minor centres of 
ssification may be present. The medial septal portion of the ethmoid (pars 


‘rpendicularis of the mesethmoid) ossifies from an autogenous centre which 
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‘an be clearly distinguished in the 22 mm stage of Suncus. From this centre 
the ossification spreads into the crista galli and cribriform plates so that the 
atter plates do not ossify in continuity with the lateral pleurethmoids. In the 


young specimen of Suncus (25.5 mm) the major part of the cribriform 


plates is ossified but is still entirely separated from the pleurethmoids. In the 


25 mm stage the mesethmoid is already fused with the pleurethmoids laterally 
ind its pars perpendicularis is well developed although the extreme ventral 
edge of the nasal septum in this region remains cartilaginous. Postero-ventrally 
the mesethmoid is fused with the orbitosphenoid. It extends backwards as far 
is the cupulae posteriores of the nasal capsule where it functionally replaces 
the anterior end of the poorly developed presphenoid. It may be recalled from 

previous chapter that the presphenoid has no separate osseous identity in 
Suncus but that it ossifies in continuity with the orbitosphenoids. 

The lateral pleurethmoids in Suncus make their first appearance at a very 
carly stage. In the 18.3 mm embryo a definite ossification centre could already 
be distinguished in the antero-ventral aspect of the anteriorly directed spur of 
the first primary ethmoturbinal (figs. 9 and 20). This ossification centre 
proved to be the main centre of the pleurethmoid, and from here the ossifica 
tion was found to spread rapidly into the surrounding regions of the nasal 
capsule. In the 18.3 mm embryo another small ossification centre could be 
listinguished in the uncinate process and the adjoining free edge of the crista 
semicircularis (fig. 15). Ossification, spreading from this centre, gains con- 
tinuity with the ossification spreading from the first primary ethmoturbinal 
before the 25.5 mm stage. Similarly the third primary ethmoturbinal displays 
t separate ossification centre in the 22 mm stage. This centre, however, very 
soon fuses with the surrounding ossified parts. In the 22 mm embryo con- 
tinuity is already established between the pleurethmoid and the lateral lamella 
of the vomer, which invades the posterior paraseptal cartilage and the lamina 


transversalis posterior. 


THE DORSAL 


lhe orbitoparietal and sphenethmoid commissures and the parietal plates 
have been dealt with before. 

The supraoccipital cartilages are joined in the mid-dorsal line to form the 
ectum posterius which delimits the foramen magnum postero-dorsally. Antero- 
ventrally the supraoccipital is fused with the exoccipital of the corresponding 
side; antero-dorsally it is fused with the parietal plate. The supraoccipital 
cartilage is separated from the otic capsule by the fissura occipito-capsularis 
superior. This fissure is bridged over towards its middle by an inconspicuous 
intero-ventrally directed outgrowth (processus opercularis of FAwcetT) which 


has been previously described ( fig. 3). 
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Due to the lack of the critical intermediate stages | was unable to determin 


the earliest development of the supraoccipital cartilages which occurs somewhere 
between the 7.2 and 8 


y .4 mm stages in Suncus 


As far as could be discerned in Suncus the supraoccipital ossifies from a 


} 


single centre which is well developed in the 9.5 but which, at this 


.5 mm embryo, 


stage, occupies merely the anterior and antero-medial edges of the supra- 
1 cartilages. Jt is possible, however, that the supraoccipital may have 
two ossification centres as is usually the case but that these centres 
have become fused with each other soon after 


their formation, The supra 


al ossifications shortly itter birt] 


‘ipital ossification fuses with the exoccipil 
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terioriy directed processus palatinae mediales of the two premaxillae fuse 
with each other. 

Concerning the early development of the premaxilla it was found that the 
first part of the premaxilla to appear is the anterior junctional region between 
the palatine process and the dental or alveolar portion. This part of the pre- 


maxilla is already slightly ossified in the 7.2 mm embryo of Suncus. The 
ossification of the entire premaxilla, even of the processus palatinus medialis, 
spreads from this centre so that the latter process has no separate ontogenetic 
dentity as is the case in many other Mammals (see DE BEER 1929). 

The homology of the processus palatinus medialis in Mammals has been a 
topic of much controversy in the past. For a detailed review of the opinions 
held by various authors, viz. GAaupp, I'ucHs, Broom, WILson, PARKER and 
others on this point the reader is referred to DE BEER (1929) and Stap1 
MULLER (1936). Judging from the condition prevalent in Suncus, however, 
one certainly has to appreciate BRoom’s views expressed as follows: “it seems 
much more satisfactory to regard it (i.e. the proc. palatinus medialis) as a true 
portion of the premaxilla which has replaced an anterior vomerine element such 
as the dumb-bell bone of Ornithorhyncus, than to regard it as the homologue 


of that bone.” (Broom 19024). 


THE MANILLA 


in Suncus is large and consists of the usual parts viz. a wide backwards 
lirected frontal process which laterally covers the prominentia supraconchalis, 
the prominentia inferior and the prominentia anterior (fig. 20). This process 
joins the premaxilla, nasal, frontal and lacrimal. Iurthermore the maxilla has 


1 massive alveolar portion from the postero-lateral corner of which a small 
zygomatic process projects backwards and sideways to end in a free pointed 
extremity. Between the frontal and alveolar portions of the maxilla the large 


infraorbital foramen transmits the maxillary branch of the trigeminal nerve 


This foramen is deliminated postero-dorsally by the lacrimal bone, which in 


this region is wedged between the frontal and alveolar portions of the maxill: 
The horizontal medially directed palatine process of the maxilla forms 
of the secondary hard palate. It floors the extensive basal fenestra in the nasal 
capsule and forms a support for the posterior end of the anterior paraseptal 
cartilage. The palatine process of the maxilla is pierced by a foramen for thi 
transmission of the major palatine nerve. Along its medial edge this process 
of the maxilla displays a conspicuous nodule of secondary cartilage. 

During the later stages of development in Suncus the palatine processes of 
the maxillae become completely fused. Similarly the lacrimal bone, which forms 
the posterior border of the infraorbital foramen, becomes completely fused 


with the alveolar portion of the maxilla below, and with the frontal process 
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of the maxilla above. After having pierced the lacrimal bone the nasolacrimal 
duct runs through a canal in the maxilla for a considerable distance before it 
emerges on the medial aspect of this bone relatively far forwards. 

The maxilla ossifies from a single centre in its future alveolar portion. The 


tion was found in a 7.2 mm embrvo. 


Irst indicat ossitica 


THE LACRIMAL BONE 


developed and in 1 .3. mm embryo it is entirely exposed 

on the side of the skull. It occupies the anterior corner of the orbit. The 

thickened anterior end of the lacrimal is pierced by the nasolacrimal canal 

As previously stated the lacrimal bone in Suncus becomes inseparably fused 
with the maxilla during the later stages of development. 

Compared to the maxilla and premaxilla the lacrimal bone develops fairl) 


It ossifies from a single centre around the nasolacrimal canal and first 


THE JUGAL (ZYGOMATICUM OR MALARE 


irely absent in gap results be 
zygomatic processes of the maxilla and squamosum. This 


tional condition as the absence of a jugal, 


exclusive of the 


Insectivores, has also been reported in Echidna, while it is rudimentary in 


Ornithorhynchus, Manis and the Myrmecophaga. Regarding t ‘elations 


of the jugal in Insectivores WEBER (1928, p. 97) states: “Bei allen wtbri 
/ 

gen Insectivora (1.e. exclusi of the Tuptidae and the Macroscelidae) ver 

einigt sich Orbit: 1d Temporalgrube vollstandig und ist der Jochbogen 


schwach oder « fehlt wi bei Centetidae, Solenodontidae und Soricidae 
Dement fehlt das Jugale, dessen Rudiment wohl mit dem Processus 
rschmilzt. Bei Sorex sacralis PETERS €s 

aufsitzend.” lawcetr (1918a) reports the presence 


jugal in the adult skull of [:rinaceus europaeus. In Suncus. 


as has been stated previously, the zygomatic process of the maxilla ossifies in 
continuity with the rest of the maxilla, at here at least, no rudiment of 
the jugal is left. HoGREN (1919), commenting on the progressive reduction 
of the jugal in Mammals speaks of the “general tendency among the Mammals 
for the displacement of the jugal without apparent reference to function at 


=> 


THE PALATINE. 


The laminae horizontales (vy. palatinae) of the palatines in 


embryo of Suncus are completely fused in the middle line (fig. 20). 
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they form the posterior division of the secondary palate and as such represent 
a backward continuation of the palatine process of the maxillae. The anterior 
border of the apertura nasalis interna is formed by the posterior edge of the 
fused horizontal laminae of the palatines. The palatine portion of the hard 
palate is pierced by two pairs of foramina for the transmission of the medial 
palatine nerves. The posterior lamina verticalis or pars perpendicularis of the 
palatine forms a trough-shaped covering for the ventral surface of the lamina 
transversalis posterior. The medial wall of this trough is the higher of the 
two and it practically reaches the vomer dorso-medially thus forming the lateral 
wall to the ductus nasopharyngeus (fig. 22). Postero-laterally the palatine nearly 
reaches the alisphenoid. This posterior division of the palatine forms the floor 
of the anterior portion of the cavum epiterycum and it supports the anterior 
extremity of the Gasserian ganglion. The pterygoid bone is closely applied to 
the postero-ventral aspect of the palatine. 

The relations of the palatine to the neighbouring structures remain mor 
or less the same during the later stages of its development. 

The two palatines in Suncus ossify separately, each from a single centr 
which can be distinguished in the 8.4 mm embryo. This ossification centre 
of the palatine is at about the junctional point of the horizontal and vertical 
laminae of the bone. Fusion of the two horizontal laminae of the palatines does 
not take place until after the 9.5 mm stage. In the 15.6 mm embryo the hori 
zontal laminae of the palatines were found to be completely fused with 


minute nodules of secondary cartilage scattered about in the line of fusion. 


THE VOMER 


1s a large unpaired dermal bone. It is trough-shaped and invests the ventral 
edge of the septum nasi (fig. 20). The anterior end of the vomer begins 
directly behind the processus palatinae mediales of the premaxillae and is 
situated between the two anterior paraseptal cartilages in this region (fig. 18). 
Further back and just in front of the palatines the trough-shaped vomer gains 
considerably in depth, its ventral edge being partly wedged between the palatine 
processes of the maxillae (fig. 19). Directly anterior to the origin of the 
ductus pharyngeus the dorso-lateral edges of the vomer curve downwards 
forming two additional limbs so that in section the vomer in this region 
appears M-shaped (fig. 21). These lateral limbs of the vomer invade the 
anterior edges of the lamina transversalis posterior and the posterior paraseptal 
cartilages. In the 18.3 mm embryo this invasion affects only the anterior and 
medial portions of the posterior paraseptal cartilage. In later stages, however. 
the invasion is carried still further and it affects the entire posterior parasepta! 
cartilage including the posterior spur of the latter. The posterior end of the 
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like a shallow trough which does not extend quite as far 


posterior ends of the palatines ( fig. 22). 


idult Suncus the posterior division of the vomer is inseparably fused 
ethmoid bone (fig. 25). The relations of its vertical lateral lamellae 


laminae perpendiculares of the palatines are also very intimate in 


the development of the vomer in Mammals STADTMULLER (1936, 
‘Er (the vomer) ist ein unpaares, aber ontogenetisch meist aus 
rschmolzenes [:lement, da icht mehr horizontal wie bei den 
Suncus the vomer was first 

mm embryo. At this stage the two halves are already fused 

a series of deficiensies in the middle line suggest the 

| was unable to confirm this beyond doubt 

at my disposal, an 8.4 mm embryo, showed 

region. In the 9.5 mm stage the dorso-lateral 

‘ior spurs of the posterior paraseptal 

vomer and especially the later lateral 

vomer undoubtedly have a mixed character. FAWCETT (1911) 
invasion of the anterior paraseptal cartilages by the vomer in the 
1S 1909) and ZUCKERKANDL (1908) described similar conditions 
latter author maintaining that the posterior paraseptal cartil- 


mer, This was probably the case ata 


kYGOID 


however, two pair 
several other ls (see DE BEER and 
p ri1von of the pt T\ goid is closely applied to 


rior portion of the palatine. In about the regi 


latine disappears from vertical sections the pterygoid bears a 


lirected downwards and backwards. This process or hamulus is situated 


nasopharyngeus and it partly supports the soft 
tensor palati muscle hooks round the base of the 
into the palate. Behind the hamulus the 
trough which takes part in the 


‘avum epiterycum and lodges the anterior portion 


The medial wall of this trough forms part of the lateral wall of the ductus 
nasopharyngeus. The postero-lateral the pterygoid bone invades 
medial edge of the ptery oid yrocess of the ala temporalis for a short distance. 


adult Suncus the posterior end of the pterygoid is inseparably fused with 
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he postero-medial edge of the alisphenoid while its relations with the basi- 
sphenoid are also very intimate. This posterior end of the pterygoid forms a 
‘oof over the pharyngeal end of the Eustachian tube and forms the anterior 
border to the canalis Vidianus for the transmission of the Vidian nerve and 
1 large vein. 

In the 9.5 mm embryo the greater anterior part of the pterygoid is car- 
tiiaginous. This cartilaginous portion (pterygoid cartilage) bears a small 
postero-ventrally directed spur, which, when it becomes ossified later on, 
forms the ventral spur or hamulus of the pterygoid. The posterior end of the 
pterygoid in the 23.5 mm embryo is ossified and it has the character of a tr 
dermal bone which already at this early stage invades the medial edge of 
processus pterygoideus (fig. 11). 

The first indication of a pterygiod ossification in Suncus was encountered 
in the 8.4 mm embryo where an extremely slight ossification centre could be 
detected at about the junctional point between the osseous and cartilaginous 
portions of the pterygoid as figured for the 9.5 mm embryo. From. this 
centre the ossification spreads backwards in true dermal bone fashion while 
the centre expands forwards by the formation of a fairly extensive pterygoid 
cartilage. This latter cartilage has no separate origin but in the 8.4 mm embryo 
its blasteme rudiment is inseparably fused with the already mentioned ossi 


fication centre. 


H. THE NASAL 


presents little of particular interest. In the 18.3 mm embryo of Suncus the 


nasal extends forward to about as far as the posterior third of the anterior 
paraseptal cartilage and as far back as the posterior limit of the precerebral 
portion of the tectum nasi. The two nasals are fused with each other in the 
mid-dorsal line for about the posterior two-thirds of their length. Each nasal 
establishes relations with the extra nasal process of the premaxilla, with the 


1 


frontal process of the maxilla and with the frontal bone itself. The junction 


between the nasals and frontals is roughly chevron-shaped with the apex 


directed backwards in much the same way as in the Carnivores and Lemur 
oidea., 

In the adult Suncus the nasals are strongly developed and not pneumatic 
(hey reach forward as far as the posterior border of the deficient area in th 
tectum and paries nasi so that the nasals do not interfere with the 
the proboscis. 

Each nasal in Suncus ossifies from a single centre shortly 
stage. In the 9.5 mm embryo the nasals were found to be very small 


quite separate. 
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THE FRONTALS 
embryo of Suncus are fairly extensive and form a suture 
nid-dorsal line. They overlie the hindermost part of the nasal capsule 
dorso-laterally and are ‘also closely applied to the commissura sphenethmoidalis 
and the al: ‘bitalis. Each frontal bears relations to the nasal, parietal, 
lacrimal and maxilla. After the posterior part of the nasal capsule has become 


yssified the frontals bear close relations w1 ethmoid ossification and 


Tate 


npletely roof over the numerous deficiencies caused by the resorption in the 


dorso-lateral aspects of the latter ossification. In several places. 


| may be in slight synostotic 


the roots of the turbinals, the ethmox 
ith the frontals. Posteriorly the frontals fuse with the parietals 
ter Stages of development. 

in Suncus first appears as an oOssificat 


1as the form of an extremely thin bony plate 


THE 


ire extensive bony plates which, in the .2 mm embryo of Suncus, do 


mid-dorsal line. The bulk of each parietal extends backwards fr 


posterior extension of tl ala orbitalis and forms a lateral and dorso 
| protection for the brain. the otic the parietal overlaps the 
late of the chondrocranium laterally and extends as far down as the 
semicircularis superior (anterior). Furthermore, each parietal 
ventro-lateral process forward which overlaps the frontal ventro 


1 


extends as far forward as the postero-lateral aspect of the nasa! 

is process completely separates the squamosal from the frontal. 

later stages of development this anterior process of the parietal 

mes inseparably fused with the anterior upper edge of the squamosal and 
with the frontal. The major posterior part of the periotic (pars mastoidea ) 
ietal. The parietals do not fuse with the inter 


region between 


could be determined from the embryonic materiai at my disposa 

Suncus ossifies from a single centre which is already clearh 

visible in the 7.2 mm embryo. At this stage the parietal can be distinguished 
as an extremely thin bony plate which lies lateral to the brain in the wide gap 
between the future ala orbitalis and the parietal plate. It is, however, quite 
possible that the anteriorly directed process of the parietal ossifies from a sepa- 


rate centre as its connections with the greater posterior division of the parteta 
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is only slight in the 15.6 mm embryo. In the younger stage viz. 


embryo, this latter process of the parietal is not yet present. 


K. THE SQUAMOSAL 


in Suncus is a well developed dermal bone with a well defined processus 
postglenoideus and a glenoid fossa for the articulation of the dentary. It does 
not, however, show any indication of a zygomatic process so that the squa 
mosal does not take any part in the formation of the deficient zygomatic arch 
What is left of the latter arch consists merely of a short maxillary zygomatic 
process. The posterior squamous or temporal portion of the squamosal is broad 
and plate-like. It plays an important part in the formation of the ventro 
lateral portion of the brain capsule. The posterior extension of the squamosal 
lies lateral to the otic capsule and extends as far back as the primary stylo 
mastoid foramen. 
During the later stages of development the anterior lower 

squamosal becomes completely fused with the upper outer edge of the ali 
sphenoid, the latter of which takes part in the formation of the postero 


ventral shelf of the glenoid fossa. The anterior upper border of the squamosa! 


in the later stages also becomes inseparably fused with the antero-ventral 


border of the parietal. The posterior end of the squamosal, however, 
f t 


tree from the parietal and a large portion of the periotic remains exposed 
between the posterior end of the squamosal and the lower edge of the parietal. 

The first part of the squamosal to ossify is the processus postglenoideus 
This ossification centre makes its appearance in the 20 mm embryo. In _ the 
9.5 mm embryo the processus postglenoideus is still the only. part of the 
squamosal to ossify, so that the squamous portion does not develop until 


fairly late. 
THE TYMPANIC (ECTOTYMPANIC) 


bone in the 18.3 mm embryo of Suncus forms about three quarters of a 
circle and surrounds the tympanic membrane anteriorly, medially and postero 
medially so that the deficiency in the tympanic bone is directed backwards, 
upwards and sideways. The lateral division of the antero-dorsal limb of 
the tympanic bone is fairly closely applied to the ventral surface of Meckel’s 
cartilage and the gonial. It bears a short anteriorly directed spur which 
follows the anterior extension of Meckel’s cartilage for a_ short distance. 
The tympanic bone retains this characteristic horseshoe shape throughout lif 
and does not form a tympanic bulla during the later stages of its development : 
neither does it acquire any intimate relations with the processus tympanicus 
petrosi caudalis. This condition of the tympanic bone in Suncus has to be 


regarded as primitive and it coincides with the condition prevalent in severai 


a 9.5 mn 
remains 


of Mammals viz. Monotremes, Didelphidae, many Insectivores, 


and Nenarthra as well as in Orycteropus, Sirenia, Lemuroidae and 


bone in Suncus ossifies situated in its 
his ossification in the 9.5 mn 
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V. SUMMARY. 

Che following points in the development of the chondrocranium and early) 

osteocranium of Suncus are noteworthy: 
1. The Cenlyal 

1. The central stem is almost straight not being acutely bent in the region 

of the cella turcica. 
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No fenestra hypophyseos is retained at the optimal stage of chondrification 
The alicochlear commissures are well defined. 

The fossa hypophyscos 1s bearly visible due to the absense of a dorsun 
sellae. 

The different regions of the central stem become confiuent at a very earl 
stage of their development. 

The planum basale shows no indication of either a fenestra basicranialis 
posterior or paired parachordals at any stage of its development. 

The fissura basicochlearis develops fairly late. 

The notochord is of the primitive retrobasilar type (Tourneux) and 
resorbed again in early ontogeny. 

The “polar elements” in the lamina hypophyseos develop early in ontogeny 
but the alicochlear commissures appear fairly late. 

It is concluded that the alicochlear commissure probably represents 
delayed rudimert of the postero-lateral wall of the trabecula, which, 
some Mammals may be entirely absent. 

Only three ossification centres could be distinguished in the central stem 
viz. basioccipital, basisphenoid and mesethmoid. The presphenoid ossifica 
tion centres are absent. 


The basioccipital appears first and the mesethmoid last. 


‘ipital cartilages 
Only one pair of hypoglossal foramina is present. 
The lamina alaris is well developed and fused with the commissura 
occipito-capsularis posterior, thus obliterating the fissura occipito-capsulari 
inferior. 
The exoccipital cartilage seems to chondrify in contimuity with the planun 
basale. 
The lamina alaris of the exoccipital develops fairly late in ontogeny. 
The exoccipital bone ossifies from one main centre but a small accessory 
centre appears in the processus paracondyloideus. 
The occipital condyl is formed mainly by the exoccipital but the basi 


occipital also partakes in the formation of its antero-ventral tip. 


c. Auditory capsule 
A large basicochlear fissure is present but it is subdivided into an anieriot 
and posterior division by means of a wide anterior chordo-cochlear com 
missure. 
The apertura medialis of the recessus scala tympani is delimited from 


the foramen jugulare. 


No fissura occipito-capsularis inferior is present but the fissura occip:to 
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capsularis superior is well define 
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The parietal plate is well developed and connected with the supraoccipital 
ind otic capsule but not with the ala orbitalis. 

ihe opercular process is well developed. 

\ foramen faciale secundarium is present 

© shallow fossa subarcuata inferior interna is present 

The recessus supra-alaris is extensive 

The processus paracondyloideus is well developed. 

A well defined processus tympanicus petrosi caudalis is present. 

No rostral or caudal entotympanic cartilages could be distinguished. 

\ separate foramen singulare is absent. 

In the foramen acusticum inferius a small foramen for the lower nerve 
to the saccule is isolated. 

lhe foramen endolymphaticum is extensive and displays rather complicated 
relations. 


lhe fenestra ovalis and rotunda display normal relations. 


The apical portion of the septum spirale is poorly developed. 


[he otic capsule chondrifies from two main centres—one in the pars 
ris and the other in the floor of the pars cochlearis. 
"he parietal plate chondrifies from an autogenous centre, but retains its 
‘ate identity for a brief period only. 
the opercular process and the processus tympanicus petrosi caudalis 
lrify in continuity with the otic capsule. 


processus tympanicus petrosi caudalis and the processus reces%us 
] ] ] Ine 
evelop relatively late 1n ontogeny. 
capsule ossifies from yarious centres but three main ossificatio1 
distinguished. 


processus opercularis displays an autogenous ossification centre. 


prominentia utriculo-ampullaris anterior and the prominentia semi 
‘ralis are the | portions of the otic capsule to ossify. 


petrosal ty ssifies in continuity with the otic 


Ala temp 


1 


[he ala temporalis is nearly horizontally 
he foramen ovale is present 


infraorbitalis remains lateral and vent 


ro-latera 

alis and never pierces the latter structure 
The pterygoid process of the ala temporalis is already invaded by the 
1 


pterygoid bone at an early stage of its development. 


The ala temporalis is joined to the central stem and the cochlear capsule 


the processus alaris and the alicochlear commissure respectively. 
alis chondrifies from a autogenous centre. 
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- The alisphenoid ossifies from two centres—one in the pterygoid process 


and the other in the antero-lateral process of the ala temporalis. 

The alisphenoid expands in dermal bone fashion. 

The outer upper edge of the alisphenoid becomes fused with the pars 
entoglenoidea squamosi thus participating in the formation of the postero- 


ventral shelf of the elenoid fossa. 


Ala orbitalis. 


The apical portion of the ala orbitalis rests on the postero-lateral aspect 
of the cupula posterior of the nasal capsule. 

The taeniae opticae are very slender and they are joined to the central 
stem by means of a slender common root. 

The optic foramen is situated far laterally. 

A small ala hypochiasmata is present. 

The orbitoparietal commissure is deficient. 

A short anterior clinoid process 1s present and it ossifies from a separate 
centre. 

Both the ala orbitalis and the ala hypochiasmata arise from autogenous 
centres. 

The ala orbitalis does not join the central stem until fairly late in ontogeny. 
The orbitosphenoid ossifies from a centre in the medial aspect of the 
preoptic root. 

In the juvenile animal the orbitosphenoid, which expands in dermal bone 
fashion, fuses with the mesethmoid in several places. 

The foramen rotundum is confluent with the large foramen sphenorbitale 


( for. lacerum anterium 


f. Nasal capsule 


The lamina cribrosa is steeply inclined backwards thus being more 
nounced precerebral than subcerebral. 

The turbinal cartilages are nearly horizontally placed, being only 
slightly inclined forwards and downwards. 

No foramen epiphaniale is present. 

An extensive incisura maxillo-atrioturbinalis separates the maxillo- 
atrioturbinals. 

A zona annularis is present. 

The nasolacrimal duct runs forwards inside the zona annularts. 

The fenestra superius nasi is well developed. 

Both a processus alaris superior and a processus alaris inferior are present. 
The processus alaris superior is attached to the antero-lateral corner of 


the processus lateralis ventralis by means of a slender root. 
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10. A processus cupularis (proc. alaris medius) is well defined 
11. The anterior paraseptal cartilage is strongly developed but an “outer bar” 
is present for a brief period in ontogeny only, being resorbed again soon 
[ its formation. 
cartilago ductus nasopalatim is well developed but fused to the antero 
tral aspect of the anterior paraseptal cartilage. 
\ separate cartilago palatini is not present but 1 lat is probably 
represented by a s “I backwardly directed spur on t cartilago ductus 
nasopalatini. 
No cartilago papillaris palatinae was found. 
The posterior paraseptal cartil a strongly developed posterior spur 
very short anterior spur which is invaded by the vomer at 


tage of its development. 


nasal septum is the first part of the nasal capsule to chon 


nasi chondrify from three pairs of centres 
‘ibrosa has no separate chondrification centre 
the zona annularis round the outside of 


secondary development. 
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The tympanic (ectotympanic) bone retains its characteristic horsehoe shape 
throughout life. 
The gonial (prearticular) displays normal relations and is pierced by a 
foramen for the transmission of the chorda tympani nerve. 

22. The interparietal is extensive and soon after its formation it becomes 


inseparably fused with the supraoccipital. 


JAMESONI (C 


INTRODUCTION. 


of the Family Wacroscelidae and its possible 
relations to the other “‘Insectivores” and Marsupials the reader is referred 
to the introductory chapter on Suncus orangiac. Here the views of Broom 


1902 and 1915), GREGORY (1910), ELLIOT SMITH (1902), PARKER (1886), 


CARLSSON (1909 and 1922), LE Gros CLARK (1928), SIMPSON (1931) and 


SONNTAG (1925) are 
‘am: Macroscelidae) dealt with in this 
Cutssp (1909) as Elephantulus rupestris 
This was considered to be a supspecies of FE. rupestris, described by 
as Jacrocelides rupestris. The type locality was given by SMITH 
“mountains near the mouth of the Orange River”. Tuomas and 
(1906) removed this species from the genus .Wacroscelides to a new 
genus Elephantulus. RoBERTS (1924) found that E. rupestris was specifically 
listinct from a previously believed subspecies E. rupestris myurus (THOMAS 
ind ScHWANN). Furthermore he found that £. rupestris jamesoni (CHUBB) 
was actually a subspecies, not of E. rupestris as was thought before, but of the 
newly established £. myurus. Subsequently, therefore, E. myurus myurus 
(THomAs and ScHwann) £. myurus jamesoni (Cuvss) and myurus ma- 
pogonensis (RoBERTS) became three subspecies of the newly established E. 


ULUS 


II. MATERIAL AND TECHNIQUE. 


The embryonic material of Elephantulus myurus jamesoni was collected 
inly at Bronkhorstspruit, Eastern Transvaal, and fixed in Bouin solution. 
After decalcification in Ebner’s solution and neutralization the heads of the 


embryos were dehydrated and embedded in paraffin wax (m.p. + 54° C). 
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Transverse serial sections were cut at a thickness of 10 u in the younger 
and 15 win the older embryonic stages. 

The material was first sectioned and then stained with Hansen's haema- 

toxylin and Kosin. The crown-rump measurements of the embryos used were: 

7-4+:mm; 10.5 mm; If mm; 12 mm; 12.2 mm; I4 mm; 14.1 mm; 15.5 mm; 


[7 mm; 20 mm; 26 mm; 30 mm and 34 mm. 


Hi. THE CHONDROCRANIUM. 


As in the previous and in subsequent papers Fawcetr’s (1917) descriptive 
method will chiefly be followed. 


} 


In the 17 mm Elephantulus embryo the chondrocranium is seen at about 


its optimal stage of development and this stage will therefore be described in 
more detail with subsequent reference to the younger and older stages. However, 
pu Torr (1942) has described the nasal region of the Elephantulus chondro 


cranium in detail so this will be omitted in the present discussion. 


A. THE CENTRAL STEM. 


Morphologically the Mammalian central stem is composed of: (1) The basal 
plate—related to the anterior end of the notochord, (11) The lamina hypo- 
physeos—prechordal in position and related to the canalis cranio-pharyngeus 
and interna carotid arteries and (II]) The trabecuar plate—( Pars Interorbito- 
nasalis of FAWCETT). 

The basal plate in Elephantulus has the characteristic triangular shape found 
in most Mammals. Its base, forming the anterior margin of the foramen 
magnum, is wide and thin but its anterior portion is extremely narrow and 
thick. This part is triangular in cross-section, with the apex directed ventrally 
(figs. 29, 30). This marked constriction can probably be attributed to the 
pronounced medial extension of the cochlear capsules (fig. 27). The notochord 
can still be distinguished as a delicate median rod embedded in the anterior part 


of the basal plate (figs. 28, 29, 30). In the posterior half of the basal plate 


however, the notochord emerges on the upper or cerebral surface of the plate 


and in the basal portion, where perichondral ossification has already set in, it 
is completely resorbed. The extreme anterior tip of the notochord is strongly 
inclined dorsally and emerges on the upper surface of the basal plate below 
the posterior end of the hypophysis, thus becoming intracramial again. 
Regarding its relations to surrounding structures the basal plate presents 
nothing of particular interest. A wide basicochlear fissure separates its anterior 


1 


part from the cochlear capsule and a well defined basi-vestibular commissure 


(DE BEER 1937) or chordo-cochlear commissure (IAWCETT 1917) is present. 
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ilarly the fenestra hypophyseos is obliterated, even in blasteme, at a very 
early stage; being completely absent in the 10.5 mm embryo. Noteworthy, 
however, is the separation between the trabecular plate and the lamina hypo- 
physcos which persists in the 10.5 mm embryo although at this stage the cen- 
tral stem is densely blastematous and even slightly chondrified in places 
(fig. 33). 
f paired polar elements could be detected in the early development 
hypophyseos 
By contrast with Suncus the basicochlear fissure in Elephantulus appears 
early. It could be detected with ease in the earliest blasteme stages of the 
cranium investigated and does not disappear till ossification is far advanced. 
Chondrification of the central stem commences and proceeds exactly as in 
Suncus. The first indications of chondrification were observed in the 10.5 mn 
embryo 
The relations of the [:lephantulus notochord to 
the notochord in - 17 mm embryo of Ele 
and exactly aime relations are found 
stages the notochord 
‘rupted anterior to the odontoid process. In 
yf notochord types (quoted after STAD1 
LFR 1936) the notochord of Elephantuius can be regarded as transitional 
‘tween the retrobasilar and the basilar types. K (1922) classifies the 
tochord differently and reports a conditi imilar to that found in Ele 
in the sheep. between his 
m: The Mam 
from four centres. These 


presphenoid, basisphenoid and 


mm embryo these 
ilage but soon 


stem. The 
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igns of t richondral ossification were observed 


in this region. During later levelopment the basisphenoid becomes indistinguish 


ably fused with the alisphenoid as is usually the case. . far as I could make 


terial at m al the basisphenoid does not 
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are from before backwards: the mesethmoid, 
b S10CCIPIt i] 
Phe mesethmoid will be discussed under the nasal capsule 
The presphenoid in Elephantulus arises from a pair of centres on the 
central stem medial to the large optic foramina. In the 26 
centres are present and separated by a fairly wide strip of 
SO 
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bear any definite processus tympanicus basisphenoidei in Elephantulus, although 
it does roof the anterior medio-dorsal aspect of the rostral portion of the 
tympanic cavity. 

The basioccipital in Elephantulus is essentially the same as in Suncus, except 
that its ossification centre in the basal plate arises a short distance anterior 
to the incisura intercondyloidea and not on its anterior margin. This centre 


could already be faintly distinguished in the 15.5 mm embryo. 


LATERAL STRUCTURES APPENDED TO THE CENTRAL 
STEM. 
The foramina lying between these lateral structures and the central stem 
will be discussed with the lateral structures concerned. 
I. The exoccipital cartilage of Elephantulus agrees 


with that of Suncus and will not be discussed in detail. 


The paracondyloid process giving attachment to the musculus rectus capitis 


lateralis and formed by the junction of the anterior margin of the lamina 


alaris with the pars canalicularis behind the jugular foramen is less con 
spicuous in Elephantulus than in Suncus. Also the recessus supra-alaris which 
lodges the terminal part of the lateral sinus is much narrower in Elephantulus. 

Postero-dorsally the recessus supra-alaris is continued into the fissura 
occipito-capsularis inferior (posterior) (fig. 28). This fissure is separated 
from the fissura occipito-capsularis superior (fissura capsulo-parietalis or 
foramen jugulare spurium) by the posterior occipito-capsular commissure, 
which joins the cupula posterior ot the pars canalicularis to the exoccipital. 

Only a single pair of hypoglossal foramina is present at the level of the 
junctional zone between ex- and basioccipital cartile 

a. Early development of the exoccipital cartilages: The exoccipital cartil 
ages in Elephantulus definitely arise from autogenous chondrification centres 
as is typical for Mammals. In the 10.5 mm embryo the basal ends of th 
exoccipitals and the basal portion of the planum basale were found to be 
slightly chondrified, but these chondrification centres were clearly separated 
by dense mesenchyme. Even in the 12.2 mm embryo a narrow intervening 
strand of procartilage was found between the exoccipital cartilage and the 
basal plate. Compared to the rest of the occipital region the lamina alaris ot 
the exoccipital develops relatively late in Elephantulus, being entirely pro 
cartilaginous in the 15 mm embryo. During later development the anterior edgt 
of the lamina alaris becomes fused with the pars canalicularis of the oti 
capsule, but never does it display the same intimate connections as in Suncus 
In the 12.2 mm embryo the connections of the exoccipital cartilages with supra- 
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In general 


n Suncus, the long axis passing obliquely upwards and backwards. lurther 


he pars canalicularis in Elephantulus is more highly elevated above the plan 


basal plate ( fig. 28) while conversely the portion of the pars cochlearis 


‘ting below the plane of the basal plate is much larger than in Suncus 
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The pars cochlearis, especially its cochlear segment, is smaller, but the antero- 
ventral convergence of the two cochlear capsules is far more pronounced in 
Elephantulus, thus constricting the anterior of planum basale to a 
much larger extent (fi 


With regard to the attachments of the auditory capsule we find that because 


the fissura basicochlearis is undivided the so-called anterior chordo-cochlear 
commissure of Suncus is absent in l-lephantulus. The presence of a narrow 
fissura occipito-capsularis inferior (posterior) results in the isolation of a 
commissura occipito-capsularis posterior which joms the cupul: 

the pars canalicularis to the exoccipital. 


posterior ot 


"he lamina parietalis is inconspicuous. It has no anteriorly directed process 
but it is wide and springs from the anterior dorsolateral edge of the pars 
a 


wide base and projects upwards and backwards to join 


[he fissura occipito-capsularis superior is vers 
there 1s no anterior prolongation of the supraoccipital 
processus opercularis of Fawce1 


1917) which overlaps this fissur 


men tympani is massive. It has the form of a wide horizontal plate 
below and fused postero-medially with the pars canali 
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unen jugulare spurium over commissura parieto-capsularis 
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Compared to Suncus the crista parotica of Elephantulus is far more massive 
ind posterior to the root of the tympano-hyale it is continued for some distane: 
backwards or part of the sulcus muscul 
stapedi 


On its medial surface the pars canalicularis is deeply indented by the fossa 
subarcuata superior interna which is long and ovoid, and whose longitudina! 
ixis coincides with the longitudinal axis of the auditory capsule (fig. 28). 

The essential the suprafacial 
ind Elephantulus but it is a much thicker and stronger rod in Elephantulus 
Elephantulus is not bordered by 


the foramen faciale externum vel secundarium since this foramen 
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The infero-medial surface of the pars canalicularis is remarkable becaust 

displays a large fossa subarcuata inferior (posterior) interna which is clearly 
separated anteriorly from the recessus supraalaris by the prominence of the 
recessus utriculo-ampullaris posterior and the posterior semicircular canal 
(fig. 28). Posteriorly this prominence disappears and the fossa subarcuata in 


recessus supra-alaris, 


ferior interna merges with the and together they lead 
into the fissura occipito-capsularis inferior. Laterally the pars canalicularis 


shows a shallow fossa subarcuata superior externa which is pierced at tts base 


by several small bloodvessels (fig. 32 


a sulcus 


I-xternally the pars cochlearis shows no peculiarities except that 
are absent. These may, howevet 


septalis and a sulcus for the stapedial artery 


appear during later development. 
a. Foramina in the walls of the auditory capsule: In the medial wall of 
the vestibular segment the meatus auditorius internus leads into the primary 
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tar oramen anteriorly while posteriorly it leads into the foran 
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the processus recessus so that posteriorly the fenestra rotunda hes at 
tf a deep sulcus. This cartilaginous shelf undoubtedly represents a 
wry caudal petrosal tympanic plate. 
fenestra ovale (vel vestibuli) (fi in the usual way to 
b. Early development of the auditory capsule: The early development of 


he auditory capsule in Elephantulus does not differ in any important respect 


of Suncus, but it confirms the relatively late appearance of the 
1s recessus and the cartilaginous preformation of the caudal tympanic 
yrocessus tympanicus petrosi caudalis) which develops in continuity 
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The caudal petrosal plate ossifies very late. It is still almost [RR 
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ite associated ossification of the posterior canalicular portion of the auditory 
ipsule. The caudal petrosal plate in Elephantulus greatly increases in sizt 
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the entotympanic (caudal entotympanic of VAN DER KLaauw) and the caudal 
petrosal plate to be homologous. As VAN DER KLAAtw (1929) pointed out, 
VAN KAMPEN’S view was held because he knew of no animal in which both 
an entotympanic and a real processus tympanicus petrosi caudalis occurred 
together. VAN DER KLAAUW (1922) has since described both entotympanics 
is Well as a caudal petrosal plate in Rousettus and in 1929 he reported both 
entotympanic elements and a caudal petrosal plate in a number of Macro- 
scelidae, so that VAN KaAMPEN’s assumption of the absolute homology was 
probably erroneous. On the other hand vAN DER KLAAuw observed a fusion 
of the caudal entotympanic with the petrosal plate in Rousettus and stated: 
“The possibility of the simultaneous presence of an entotympanic and a pro- 
cessus tympanicus petrosi warns us to be prudent in comparing every petrosal 
plate with an entotympanic. Of course it remains possible that the entotympanic 
secondarily loses its independence and fuses with the periotic very early in 
ontogeny, and even shows “fusio primordiale’, but this is no longer the only 
possibility. It is also possible that a processus tympanicus petrosi is a real 
plate of the petrosal which has nothing to do with an entotympanic” (VAN 
DER KLAAUW 1929, p. 556). If one compares a section through the caudal 
petrosal plate of a 34 mm embryo of Elephantulus with a section through 
the same region of the Rousettus skull (vAN DER KLAAUW 1922, plate II, 
fig. 10) then the similarity of this plate in Elephantulus with the structure 
labelled ‘“‘caudal entotymanic” in Rousettus is so striking that one has to 
admit the probability of a “fusio primordiale’” in Elephantulus in which cast 
the caudal petrosal plate in Elephantulus would have a double origin. KEEN 
and GROBBELAAR (1941), in a paper on the comparative anatomy of the tym- 
panic bulla and auditory ossicles, mention the following elements as forming 
the buila in the Macroscelidae: tympanicum, mastoid part of the periotic, 
alisphenoid, basisphenoid and squamosal. They do not mention the entotym- 
panic elements at all. But since their investigation was carried out on dried 
idult skulls it is quite possible that these elements were fused with neigh- 
bouring skeletal elements and escaped their notice. 

3. The ala temporalis (fig. 27) in Elephantulus is a_ relatively 
inconspicuous structure. Its attachments to the central stem and cochlear cap 
sule correspond exactly with those of Suncus. The antero-lateral process of 
the ala temporalis is not, however, pierced by a fenestra ovalis. On its lateral 
side it merely shows a shallow notch, the incisura ovalis, for the mandibular 
nerve. This incisura is therefore homologous with the fenestra ovalis of 


other forms. The antero-lateral process in Elephantulus is slightly bifurcated 


anteriorly and on its dorsal surface it bears a deep groove for the arteria 


infraorbitalis. This groove ends posteriorly in the foramen alisphenoidale 
through which the artery enters the cranial cavity. A somewhat similar con- 


dition has been described by Watson (1916) and DE BEER and FELL (1936) 
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33. Ventral view reconstruction of the biastem primordium of 
of the chondrocranium of a 10.5 mm embryo ( 


backwards for a short distance. The lateral surface of this crest partici 


the formation of the ventral border of the glenoid cavity. 


orbitalis (fig. ) in Elephantulus is massive. 


wide cartilaginous plate which protects the brain antero-lateral 
edly concave on its intracranial aspect. The anterior basal angle of th 
orbitalis is connected to the nasal capsule by the commissura sphenethmoidalis, 
but, as in Suncus, the orbito-parietal commissure is incomplete. The uppet 
edge of the ala orbitalis in Elephantulus is partially invaded by the inner aspect 
of the frontal bone which partly overlaps the ala orbitalis dorso-laterally. Con 
pared to Suncus the primordial optic foramina in Elephantulus are larger and 
ire placed further medially. The extensive pre- and optic roots of the ala 
orbitalis join the trabecular plate separately. Although the preoptic root 
not abut on the cupula posterior of the nasal capsule, as is often the c 
is closely related to it in its backward and medialward passage. 

In the 17 mm embryo of [lephantulus dealt with at present, 
structure comparable with the ala hypochiasmata of the other fort 
hypochiasmata was also reported as absent in Sorex and Talpa. 

The orbitonasal fissure accupies the usual position and shows normal rela 
tions in Elephantulus. 

a. Early development of the ala orbitalis: In Elephantulus, as in most 
Mammals, the ala orbitalis arises from a separate chondrification centr 


which is clearly distinguishable in the 11 mm embryo. Unlike Suncus, how- 
ever, it fuses with the trabecular plate at a relatively early stage of its devel 
opment. In the 12.2 mm embryo the ala orbitalis is completely fused both 
with the trabecular plate through its pre- and postoptic roots and with th 
nasal capsule through the commissura sphenethmoidalis. This is not surprising 
if one bears in mind that in the procartilaginous and blastematous stages the 
relations between the ala orbitalis and the central stem, in Elephantulus, are 
very intimate. Another peculiar feature of Elephantulus is that the ak 


hypochiasmata, although absent at the optimal stage of chondrification, 
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defined in the blastematous and early cartilaginous stages of the development 
ala orbitalis. Here it is confluent with the antero-medial border of the 
postoptic root (fig. 33) and serves as an attachment for some of the eye 


muscles. | was unable to decide whether or not it arises in earliest development 


from a separate centre as in Suncus. In later development it completely loses 


its identity. Its absence in Sorex and Talpa may possibly be explained in a 


ala orbitalis: The orbitosphenoid in Ele- 
phantul ifie a single centre situated in the ala orbitalis antero- 


lateral arge > foramen. Unlike Suncus, it was found that the pre- 
sphenoid in Elephantulus ossifies from two centres distinct from the orbito- 


sphenoids. These centres were found on either side of the presphenoidal 


region of the central stem just medial to the optic foramina. In the 26 mm 


embryo the two presphenoid centres, which are still separate from each other 


were found to be fused with the orbitosphenoids through the 


preopticae. In the 20 mm stage bony continuity between the 
is established also behind the optic foramen through 


pre- and orbitiphenoi ls 
the taenia postoptica. The orbitosphenoid in Elephantulus, as in Suncus, forms 
a cup-shaped covering for the cupula posterior of the nasal capsule, but since 
the nasal capsule was still cartilaginous in 
the orbitosphenoid and the ethmoid could 


the latest available stage the 


possibility of subsequent fusion of 
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As in Suncus, the posterior paraseptal cartilage in Elephantulus, already 
present in the 14 mm stage, does not seem to arise from a separate chondri 
fication centre, but appears to chondrify in continuity with the lamina trans- 
versalis posterior. That this condition is probably primary is also borne out 
by the fact that when the posterior paraseptal first makes its appearance in 
blasteme it is already in continuity with the blastematous lamina transversalis 
posterior. 

The anterior paraseptal cartilage in Elephantulus is peculiar in that its 
blasteme rudiment in the 10 mm embryo is closely related to the blastematous 
nasal septum. As a matter of fact only an imaginary demarcation exists 
between the posterior and central divisions of the anterior paraseptal and the 
nasal septum at this stage. During the later stages of development, however, 
the anterior paraseptal definitely chondrifies from an autogenous centre. In 


both the 14 mm and 14.1 mm stages the greater central portion of the 


anterior paraseptal was found to consist of young cartilage while its anterior 


connection with the lamina transversalis anterior is still procartilaginous. 

At no stage of its development is the anterior paraseptal cartilage (fig. 36) 
in Elephantulus in direct cartilaginous continuity with the nasal septum. The 
question arises whether the intimate blastematous relations between the anterior 
paraseptal and the nasal septum should be regarded as representing a primitive 
feature or merely as representing a phylogenetically insignificant secondary 
development. As these intimate relations are only displayed in the very early 
ontogenetic development where hardly any functional significance could be 
attributed to them, and as during the later stages of development these intimate 
relations become completely obscured one no longer feels inclined to doubt their 
primitive character. It will be recalled that Levy (1909) reported a fusion of 
the anterior paraseptal with the nasal septum in Didelphys while OLMSTEAD 
(1911) maintained that in Canis familiaris the anterior paraseptal develops in 
continuity with the nasal septum. If these relations are primitive, as they are 
believed to be, they furnish additional proof for the old theory that the anterior 
paraseptal has to be regarded as a primitive element of the solum nasi which 
became secondarily associated with Jacobson’s organ in Mammals. 

b. Post optimal changes in the nasal capsule: In the oldest embryonic 
of Elephantulus at my disposal (34 mm) no indication was found of a sepa 
rate mesethmoid ossification. It is possible, however, that the latter bone may 
still develop at a later stage as in the 34 mm embryo the presphenoid does not 


extend into the intranasal portion of the central stem. 


THE DORSAL STRUCTURES. 


The tectum posterius in Elephantulus, though more extensive than in Sun 


cus, displays essentially similar relations to neighbouring structures. LEIM 
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RUBER (1939) reporte la broad supraoccipital cartilage 


this feature under the general characteristics of 
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THE MEMBRANE BONES. 


I-lephantulus 


THE PREMAXILLA 
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throughout life, in the adult Elephantulus the posteriorly di 
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The first ossification in the premaxilia was encountered in the 13.5 mm 


embryo as a minute splint of bone in its future palatine process. From this 


centre the ossification was found to spread into the various parts of the 


premaxilla including the processus palatinus medialis. 


B. THE MANILLA. 


The palatine process of the maxilla is not well developed in the 17 mn 
embryo of Elephantulus. The palatine processes of the two maxillae do not 
meet each other in the middle line at this stage and neither do they bear any 
close relations either with the vomer or with the processus palatinae mediales 
of the premaxillae. The infraorbital foramen pierces the maxilla so that th 
lacrimal bone does not take part in ats formation as is the case in Suncus. 

The zygomatic process of the maxilla is well developed and it joins th 
jugal. During the later stages of its development the maxilla in Elephantulus 
acquires the usual Mammalian relations to its adjoining skeletal elements. 
The palatine processes of the two maxillae, although intimately connected, 
retain a faint suture throughout life. Peculiar of the adult Elephantulus skull 
ire the two sets of huge elongated fenestrae in the maxillary division of the 
secondary palate. These fenestrae, together with similar fenestrae in the palatal 
livision of the palatines, and the large foramina incicivae render the falsé 
palate most incomplete. 

The first indication af a maxillary ossification in Elephantulus was found 
in the 12 mm embryo in the future alveolar portion of the bone. During the 
early development of the maxilla a small but well defined nodule of secondary 
‘artilage appears in the frontal process immediately postero-dorsal to th 
infraorbital foramen. This nodule of secondary cartilage indicates the origin 


of some facial muscles from the maxilla. 


THE LACRIMAL BONE 


in the 17 mm embryo of [tlephantulus bears a conspicuous postero-laterally 
directed spur which lies on top of the zygomatic process of the maxilla. This 
spur of the lacrimal does not reach the jugal at this stage. It forms the dorsal 
intero-medial delimitation of the orbit, and the lacrimal canal pierces th 
lacrimal bone postero-medial to the attachment of this spur. Later in devel 
opment of Elephartulus this postero-laterally directed spur of the lacrimal joins 
the extreme antero-dorsal tip of the jugal but at does not fuse with th 
adjacent bones at any stage of its development. 

The lacrimal bone appears very late. The first trace of ossification in this 


region was observed in the 17 mm embryo of [lephantulus where it was found 
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extensive. In the 15.3 mm embryo, however, the lacrimal 


and its future position is indicated merely by a concentration of 


D. THE JUGAL. 


In Elephantulus the zygomatic arch is complete and a well developed jugal 
participates in its formation as is the case in all the Menotyphla. There is, 
however, no indication of a postorbital bar in Elephantulus, not even of a 
processus postorbitalis on the frontal. In the 17 mm embryo the jugal is pierced 
by a number of small foramina for the transmission of small bloodvessels, 
but an extensive foramen malare could not be distinguished. At this stage the 

» jugal articulates with the zygomatic process of the maxilla 

long distance but it does not reach quite as far forward as to establish 
relations with the lacrimal bone. Posteriorly the jugal joins the zygomatic 
process of the squamosal but it does not reach as far back as the glenoid cavity. 


xcept for the fact that the jugal later on gains continuity with the lacrimal 


changes take place during its later development. The ossi- 


jugal in Elephantulus was first observed in the 14 mm embryo 


lying in close proximity to the posterior extremity 
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Fig. 34. Transverse section through the region of the posterior paraseptal cartilages and 
vomer of a 17 mm embryo (X 70). 


constitute the laminae horizontales in the adult Elephantulus. StapTMULLER 
(1936) mentions that a fenestration of the horizontal laminae of the palatines 
is characteristic of the Marsupials and some Insectivores. The lamina verticalis 
of the palatine displays a large processus orbitalis in the adult Elephantulus. 

The ossification of the palatine eminates from a single centre located at 
about the junctional point of the horizontal and vertical laminae. It was first 


observed in the 13.5 mm embryo. 


THE VOMER. 


In the 17 mm embryo of Elephantulus the vomer extends backwards from 
between the anterior paraseptal cartilages to a point medial to the roots of 
the posteriorly directed spurs of the posterior paraseptal cartilages. At this early 
stage of its development the vomer bears no close relations to any other bones 


g 
in its vicinity and it has the shape of a plain shallow trough the dorsal edges 
of the posterior third of which invade the anteriorly directed spurs of thi 
posterior paraseptal cartilages (fig. 34). Later in its development the vomer 


1 


becomes inseparably fused with the ethmoid as in Suncus and it acquires th 
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invasion of the posterior paraseptal cartilage by the vomer in the 30 mm stag 


g 
of Elephantulus. I was able to confirm beyond doubt the separate origin of 
halves of the vomer in Elephantulus. In the 15.5 mm embryo 


es were found to be still completely separate and each consists of 
} 


splints of bone lying ventral to the nasal septum and medial to thi 


posterior paraseptal cartilages. At this early stage they 


» relations to the posterior paraseptal cartilages but 


vomer has already commenced invasion 
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stage. Compared to Sun- 
cus the hamulus of the 
pterygoid, which at this 
stage is also entirely car- 
tilaginous, is much more 
massive in Elephantulus 


(fig. 35). The posterior 


osseous portion of the 
pterygoid is only very 
small in this young em- 
bryo and it has the form 
of a bony rod rather than 


bony plate. This bony _ 
‘ig. 36. Lateral view reconstruction of the anterior para 


portion of the pterygoid septal cartilage of a 17 mm embryo (X 40) 


in Elephantulus does not 

bear any intimate relations with the pterygoid process of the ala temporalis. 
During the later stages of its developm« nt, however, the ptery god does invade 
the pterygoid process of the ala temporalis, although this does not take plac 
on the same scale as in Suncus. 

The first signs of chondrification in the pterygoid were observed in _ thi 
14.1 mm embryo. At this stage the anterior end of the blastematous pterygoid 
bone displays very intimate relations with the posterior extremity of the pala 
tine. In the 15.3 mm embryo conditions were found to be much similar although 
definite signs of an ossification appearing in the posterior extremity of the 
pterygoid cartilage could be observed. From this point the ossification was 
found to spread backwards along a dense strand of blasteme in true dermal 
bone fashion, but as in Suncus this posterior osseous portion of the pterygoid 
was found not to arise from an autogenous centre but to develop in continuity 
with the pterygoid cartiage. The thicker anterior portion of the pterygoid, 
both in Suncus and Elephantulus, is therefore preformed in cartilage while 
its posterior portion, although it does not arise from a separate centre, has 
dermal bone character from the start. DE BEER (1929, p. 451) gives a long list 
of Mammals in which the pterygoid cartilage has been found and, except for 
Monoiremes, this cartilage seems to be more or less characteristic for Mam- 
mals. The latter author, however, as also FAwcetT (1905) amd GAUPP (I90T) 
does not question the secondary nature of the pterygoid cartilage so that it 
cannot be homologized with primary cartilage. It represents the preformation 
of a dermal bone just as the nodules of secondary cartilage in the palatine 
processes of the maxilla, premaxilla, palatine, dentary ete. 

Judging from the material at my disposal the double origin of the Mam 


malian pterygoid, as maintained by Lusoscu and pE BEER could not be con 


firmed, The latter author (1929) maintains that the pterygoid in the 11 m 
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embryo of Sorex is composed of two elements, viz. a cartilaginous portion 
which he homologizes with the Reptilian pterygoid and a dermal bone portion, 
which he regards as the homologue of the basitemporal | detached lateral 
wing of the parasphenoid). Already at this early stage DE BEER reports the 
connection of this latter dermal bone “‘with the ossification which is beginning 
in in the pterygoid cartilage at the point of fusion of the latter with 

erygoid process of the ala temporalis (p. 432). He does not, however, 

‘liest development of these two elements of the pterygoid which 

‘e already fused. The condition prevalent in the voung embryo 

of Suncus (9.5 mm) conforms in detail to the condition described by DE 
Beer for Sorex, but the earliest development of the elements concerned 
does not justify their derivation from entirely different elements in Rep- 
iles. I shall refrain from discussing the already much disputed problem of 
the possible homologies of the Mammalian pterygoid and the “pterygoid ele- 
7 in Monotremes for a review of which the reader is referred 

ER (1929) and STADTMULLER (1936). Sufficient to state that, as far 

as Suncus and Elephantulus are concerned, the persisting pterygoid element, 
from its relations to neighbouring structures and especially to the 
asisphenoid and alisphenoid, seems to combine the relations borne 
Monotreme elements. It 1s therefore possible that Lusoscn and DE 

in their conjecture of the possible double origin of the 


in which case the Mammalian ontogeny supplies but 


H. THE NASALS, 


embryo of Elephantulus, display similar relations to neigh 
the same eleme in the 18.3 mm embryo of Suncus, 


only exception that they do not extend quite as far back and are 
uid-dorsal line, neither do they fuse with each other at a 

The junction between the nasals and frontals 

7 


Elephantulus has the form of a transverse rather than a V-shaped 


Ithough the postero-lateral edge of each nasal projects slightly further 


This results in the formation of a suture 
with the apex directed forwards. 
nasal first appears shortly afte 


intermediate 
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much more massive than in Suncus. 


thick bone wit anterior and ventral edges highly pneumatic. The 
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postero-lateral tip of the frontal is slightly overlapped by the parietal but it 
is not fused with the latter bone and neither does it fuse with the parietal at 
a later stage of its development. The upper edge of the cartilaginous com- 
missura sphenethmoidalis is fused with the inner surface of the frontal over 
a short distance. The frontal, even in the adult skull, does not show the slight- 
est indication of a postorbital process. The orbital division of the frontal is 
fairly extensive in the adult skull. Bordered by the orbital divisions of the 
frontal, the parietal and the upper edge of the alisphenoid a large foramen for 
the transmission of a vein is isolated. The frontal retains its separate identity 
throughout life, and even the sutura frontalis or metoptica is not obliterated 
as is usually the case in Insectivores. 

The frontal first appears in the 12.2 mm embryo lying antero-lateral to the 
extreme anterior tip of the bulbus olfactorius. It arises from a single centr 
as in Suncus. 

J. THE PARIETAL 

in the 17 mm embryo of Elephantulus presents very little of particular interest. 
As in the 18.3 mm Suncus embryo the two parietals do not meet each other 
in the mid-dorsal line while ventrally they reach the upper border of the 
temporal portion of the squamosal. The anterior ventro-lateral portion of the 
parietal is highly pneumatic. During the later stages of their development the 
extensive parietals meet the frontals, alisphenoids, squamosals and interparietal 
but they do not fuse with any of these elements. The saggital suture between 
the two parietals is also retained throughout life. 

The parietal ossification first appears in the 13.5 mm embryo of 
phantulus. At this early stage the parietal has the shape of an extremely 


and much perforated bony plate so that im section it 1s rather difficult 


determine whether it arises from a single centre or from a number of con 


centrated centres. 


K. THE SQUAMOSAL 


1 


in the 17 mm embryo of Elephantulus displays only a poorly developed glenoid 


cavity. Dorso-lateral to this cavity it bears a short but well developed zygo 


matic process which participates in the formation of the posterior part of the 


zygomatic arch and which, alre: at this early stage, articulates with the 


vostero-dorsal aspect of the jugal. The temporal portion of the squamosal at 
I | jug | | 


this stage does not extend quite as far back as the primary stylomastoid for 

amen and its upper edge nearly reaches the ventral border of 

During the later stages of its development the temporal portion of the squa 


mosal greatly expands and extends as far back as the antero-lateral border of 
the interparietal, no part of the periotic being exposed between the squamosal 


and the parietal. Between the latter two bones, however, a well defined for 
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- the transmission of a large vein is retained. The lower border of the 
temporal portion of the squamosal takes part in the formation of the dorso- 
lateral covering for the middle ear. At no stage of its developinent does the 

cavity on the squamosal display a well defined processus postglenoideus. 

the late embryonic stages the alisphenoid was found still to participat 
rmation of the extreme ventral division of the glenoid cavity. Although 
somewhat difficult to determine sutures in this region of the adult skull 
quite possible that this condition may be retained in the adult. The 
me postero-ventral tip of the pars entoglenoidea squamosi, in the 30 mn 
), takes very little part in the formation of the osseous bulla but it is 
possible that during the later stages of development this latter part of 
juamosal may mto processus tympanicus squamosi. 
squamosal ossification wz first observed in the 13.5 mm embryo of 
Iklephantulus. At this stage the ification already comprises a minute spur 
1 


matic process and a small flat glenoid portion SO 


the squamosal must be somewhere near the base 


THE TYMPANIC (ECTOTYMPANIC), 
embryo of [lephantulus, has the characteristic C-shape witl 
postero-medial limb much longer than the rsal antero-latera! 
the tympanic ring is directed postero-dorso 
to neighbouring structures is about the same as 11 
embryonic stage of Elephantulus that I had at my 
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34 mm embryo, the tympanic bone still had the typical C-shapx 


not possible to determine its final shape in the adult. 


mpanic ification could be d for the first 


mm embryo. 


THE GONIAL (PREARTICULAR) 


bryo of Elephantulus displays relations not unlike thos: 
the Suncus embryo of 18.3 mm and at this early stage it 1s 
ith the malleus. In the later stages the ‘eatly increases 
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this cartilage. During the later stages of its development the interparietal b« 
comes inseparably fused with the supraoccipital ossification but it always 
remains demarcated from the parietals by a well defined suture. In Ek 
phantulus two definite lateral ossification centres could be distinguished in the 


interparietal. These centres first appear in the 14.1 mm embryo. 


SUMMARY. 


The following points in the development of the chondrocranium and earl) 


steocranium of lephantulus are noteworthy : 


a. The central stem 
[. The central stem at the optimal stage of chondrification is alm 
but it displays a pronounced cephalic flexture during the early 
stages. 
The fenestra hypophyseos is obliterated at a very early stage, being 
tirely absent even in the late blastematous lamina hypophyseos. 
The alicochlear commissures are well defined. 
The fossa hypophyseos is defined and a low dorsum sellae is present. 
The lamina hypophyseos is exceptionally wide. 
The demarcation between the trabecular plate and the lamina hypophyseos 


is retained until after the 10.5 mm stage but the lamina hypophyseos and 


basal plates fuse at a very early stage of development. 


The fissura basicochlearis develops very early in ontogeny being well 


defined in blasteme. 

The notochord forms a transitional stage between the 

basilar types (TOURNEUX). 

No traces of paired “polar elements’? could be detected in the development 
of the lamina hypophyseos. 

No mesethmoid ossification could be distinguished. 

The presphenoid ossifies separately from two centres but soon fuses with 
the orbitosphenoids. 

The basisphenoid and basioccipital each ossifies from a single centre, the 
centre for the basioccipital being situated a short distance anterior to the 
incisura intercondyloidea. 


A processus tympanicus basisphenoideae is either absent or ill-defined. 


b. Eaoccipital cartilages 
Only one pair of hypoglossal foramina is present. 
The lamina alaris is present but not fused with the commissura occipito 


capsularis posterior so that a fissura occipito-capsularis inferior is retained. 


LO. 


ROUX 
Che exoccipital cartilages arises from definite autogenous chondrification 
centres. 
The lamina alaris chondrifies fairly late. 
rhe connection of the lamina alaris with the otic capsule is never very 


and the processus paracondyloi ; is poorly developed. 


Auditory capsule 

The convergence of the two cochlear capsules antero-ventrally is pro- 
nounced. 
A long undivided basicochlear fissure is present. 
Both superior and inferior occipito-capsular fissures are present these 
being separated by a well defined posterior occipito-capsular commissure. 
The parietal plate is poorly developed. It is connected with the otic capsule 
and supraoccipital but not with the ala orbitalis. 
An opercular process is absent. 
The tegmen tympani is conspicuous. 

crista parotica 1S massive. 


suprafacial commissure is strongly developed and a secondary 


rface of the pars canalicularis displays a large 


1 


The recessus supra-al: arrow. 
A processus tympanicus petrosi caudalis is present. 
A foramen (canalis) singulare is present. 
ate foramen for the lower saccular nerve is isolated fairly late 
ontogeny. 
[he foramen endolymphaticum is long and slit-like. 
The fenestra ovalis and rotunda display usual relations. 
Che constituent part | the fissura metotica, (viz. apertura medialis and 
demarcated, consequently still showing primitive 
basicochlearis posterior is extremely narrow. 
The processus recessus develops fairly late in ontogeny. 
The processus tympanicus petrosi caudalis is preformed in cartilage 
chondrifies in continuity with the otic capsule. 
The otic capsule ossifies from two main centres. 
A separate ossification centre could be distinguished in the tympano 


hyale. 


The processus tympanicus petrosi caudalis greatly increases in size during 


the later embryonic stages and it ossifies very late and in continuity with 


the otic capsule. 
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CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES” 
A small rostral entotympanic is present but during the later developmental 
stages it becomes inseparably fused with the horizontal caudal plate of the 
cartilago tubae and anditivae. 

24. A separate caudal entotympanic is absent. 


It is concluded that the caudal petrosal plate of Elephantulus may be of 


a double homology, including both a caudal entotympanic and a real pro- 


cessus tympanicus petrosi caudalis. 


d. The ala temporalis. 

. The antero-lateral process of the ala temporalis displays only an incisura 
ovalis. 

. The antero-lateral process is slightly bifurcated. 
A foramen alisphenoidale for the transmission of the arteria infraorbitalis 
is present. 

. The pterygoid process is very long and nearly reaches the pterygoid 
cartilage. 
At its optimal stage of development the pterygoid process is not invaded 
by the pterygoid bone. 

». The ala temporalis is joined to the central stem and cochlear capsule by 
the processus alaris and alicochlear commissure respectively. 

. The ala temporalis chondrifies from an autogenous centre. 

. The processus pterygoideus chondrifies fairly late and arises from an 
autogenous centre. 

. The alisphenoid ossifies from a single centre which is situated lateral to 
the foramen alisphenoidale. 
Late in ontogeny the pterygoid bone invades the pterygoid process of the 
ala temporalis and becomes inseparably fused with the alisphenoid. 
A poorly developed processus tympanicus alisphenoideae is present in late 
embryonic stages. 
A crista lateralis bullae alisphenoideae is present, the lateral surface of 


which participates in the ventral delimitation of the glenoid cavity. 


e. The ala orbitalis 

. The ala orbitalis is massive. 

. The extensive pre- and postoptic roots of the ala orbitalis join 
trabecular plate separately. 

3. The ala hypochiasmata is absent at the optimal stage of chondrification 
of the ala orbitalis, but it is recapitulated in early ontogeny. 

4. The orbito-parietal commissure is deficient. 

5. An anterior clinoid process is absent. 

6. The upper edge of the ala orbitalis is invaded for some distance by the 


inner aspect of the frontal bone. 
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7. The ala orbitalis chondrifie 
the central stem at a relative 

f. The supraoccipital cartilag 

1. [he supraoccipital cartilage is extensive. 

2. It bears no structure capable of identification (iS 
proc SS ot | AWCETT. 

line. 

|. [The supraoccipital bore ossifies from two lateral centres which soon fuse 
with each other. 

5. Fusion between the supraoccipital and interparietal takes place in late 
ontogeny. O] 

°, 194 
[he maxilla displays a well devcl [Jus extranasalis and processus 
palatinus medialis. 

2. The palatine process of the premaxillae do not fuse with each other at any 
Stage of their development. 

Phe whol premaxilla, inclu ling the palatinus medialis. ossi fic 
from a single centre. 

|. The infraorbital foramen pierces the maxilla and the lacrimal bone does 
not take part in its formation. 

5. The zygomatic process of the maxilla is well developed and it joins thi 
1110°29] 

6. The maxilla ossifies from a single centre and displays a small but wel 
defined nodule of secondary cartilage in its frontal process. 

7. The hard palate is rendered most incomplete by several sets of huge 
elongated fenestrae in the palatal divisions of the maxillae and palatines. 

8. The lacrimal bone is pierced by the lacrimal canal and it bears a long 
postero-laterally directed spur which joins the jugal. 

.. The zygomatic arch is comple te and the jugal participates in its formation 

10. The jugal does not display an extensive foramen malare. 

1. Lhe palatine ossifies from a single centre which occupies the same posi 
if paiatin I na ng! I n | an | l 
t10n as In Suncus. 

2. The vomer invades the posterior paraseptal cartilages and laminae trans 
eTsale S 17 17) early OF of levelopn ent ind later becon es 

| at dll all) a ICV CrO} ] d ALCl Ii] 
fused with the ethmoid. 

3. from paired lateral centres 

3 rom paired lateral centres. 

14. The ggg] cartilage is massive. 
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CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES”. 
15. The hamulus of the pterygoid is strongly developed. 
. The pterygoid develops from a single centre. 

The two nasals retain their separate identity throughout life. 
The junction between the nasals and frontals has the form of a transverse 
rather than a V-shaped suture. 
The frontals are massive with the anterior and ventral edges strongly 
pneumatic. 
The postorbital bar is deficient and the frontal shows no indication of 
a processus post-orbitalis. 
The frontals retain their separate identity throughout life. 
The parietals also retain their separate identity throughout life. 
The squamosal displays a well developed zygomatic process. 
The processus postglenoideus of the squamosal is poorly developed. 
The possible presence of a small processus tympanicus squamosi in the 
adult skull is not excluded. 
The squamosal ossifies from a single centre near the base of its zygomatic 
process. 
The tympanic (ectotympanic) bone has the characteristic horseshoe shape 
in ontogeny but its final shape could not be determined through a lack of 
juvenile material. 
The gonial (prearticular) shows its usual relations and is pierced by a 
foramen for the chorda tympani and a vein. 


The interparietal fuses with the supraoccipital but remains distinct from 
the partetals. 


The interparietal ossifies from paired lateral centres. 


III. EREMITALPA GRANTI (Broom). 


INTRODUCTION. 
The systematic position of the Golden Moles has been of great uncertainty 
in the past. Classically they were included in the Insectivore Order and more 


particularly in Harckev’s “Lipotyphla”. This systematic position, however, 


was by no means settled as has been admitted by most systematists in the past. 


The adult comparative anatomy of this problematic group gives some in 
formation regarding their affinities but this information is often more mis- 
leading than helpful because these nocturnal burrowing animals are so markedly 
idapted in various respects to their specialized habits, that one has to be 
constantly on the alert against attaching too much phylogenetic significance 


mere secondary modification. Only the palaeontology and comparative em 
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bryoclogy ot the group remain, 
tthed OF 4] 
atl Can SCLLIOCU, 1 
fore the onus rests mainly on th 
questio1 
Our knowledge of the 3s likewise sadly 
nd this 1s undoubtedly due O thi COMparallve \ lumited distributio1 
of these animals and the difficult task of collecting a material. | p 
been studied (BrRooM 10915 HRM and that study was by no means 
xhaustive, since Broom had only two specimens available; one of a newly 
orn Chrys ris h totta and another otf a shghtly older Chrysochloris 
wiatica. COOPER (1928) also investigated the ear region of a late foetus of 
CArysoci ris asiatica. These investigations did not solve the n ystery enveloping 
4] 4 1 ere 1 1 1 1 4 1 . 
he true Chrysochlorid affinities, but merely cast doubt on the classica 
retes his group i ie L po yph 1 and arev ention to some remark 
tures its cranial morphology, which, however, could not be 
vithou study of further embrvonic material. Broom ( [iP ver, 194 
41 17 oa 4 4 7 se 4 P 1 1 
cal o the following interesting conclusion e eXal ition of the skul 
mfirms the result of the examination of Jacobson’s organ and its relations 
1915,a, b), in showing that Chrysochloris is not a near ally ttm and 
that it is not an Insectivore. Further, it is not allied to the Menotyphla and 
oOugn U ) pia CU ] UlS ) Hi y ld p. $59). Chis 
1 1] 4 1 1 4 4 4 4 4 
express V HDROOM Nas not been generaliy accepted Dy systemalsts 1n he pas 
prese igatio1 into the depelopment of th chondro and osteo 
4 1,] } ] ] 4 4 
cranium of the Golden Moles has been undertaken in order to contribute to 
wir of the embrvolngy of the aroun. and alone that wav to 
ur KNOW 9 n VOlOg" Ul group, and a 1g at Wa! nd \ 
our to shed new light on the true affinities of the Chrvsochloridae 
Eremitalpa granti, used for the present investigation has been des! 
vy Broo 1907) as Chrysochloris granti. His material consisted of 77_7/™/! 
collected in 1898 at Garies, Namaqualand, from the disgorged pellets of Hii! 
; 
In 1909 Broom added further details, obtained from a spirit specimen found 
n the South African Museum, to his original description of the species. 
\USTIN ROBERTS (1923) revised the generic arrangement 
chloridae and established eight separate genera. Chrysochilor 
1 P - a1 1 4 
was subsequently transferred to the newly 
which it formed the only known species. 
The Embryonic material of Eremitalpa granti was collected mainly at Port 
Nolloth, North-western Cape Province, and fixed in Bouin solution. 
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"he heads of the older embryos were decalcified in Ebner’s solution, neu 
lized, dehydrated and embedded in paraffin wax. Serial sections were cu 
1 thickness ranging from 10 uw in the younger t E in the older embry 
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Morphologically the central sten made up of: chordal 
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pletely fused with each other and 1 passage from one re to anothet1 


is gradual. The central stem forms a pronounced curve 
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of the nasal capsule. This pronounced curve in the central 


contrast to the condition prevalent in other Insectivores in which the 


straight central stem seldom failed to arouse comment. A condition 
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é 
4 
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Fig. 38. Ventral view reconstruction of the chondrocranium of a 28.5 mm embryo, showing 
also ossification centres and the relations of some important vessels and nerves (X 20) 


this respect it closely resembles Tupaia (HENcCKEL 1928) and Elephantulus. 
The apical portion of the basal plate is separated from the cochlear capsule 
by a well-defined but extremely narrow and strongly medially curved basi 
cochlear fissure. The posterior basicochlear commissure (chordo-cochlear com 
missure of Fawcetr), binding the basal plate to the cochlear capsule, is well 
developed. 

At this stage of development no trace of the chorda dorsalis is left in the 
region of the planum basale. 

The lamina hypophyseos (figs. 37, 38), in Eremitalpa is exceptionally short 
and very wide so that the carotid foramina are placed very far laterally. No 


trace of the fenestra hypophyseos is left at this stage of development. Th 
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na hypophyseos bifurcates into the processus 


‘ly and the anterior basicochlear commissure (posterior trabeculo 


e of Fawc ETT) posteriorly. The processus alaris fuses with 


a short posteriorly directed spur lateral to the 


ittle spur represents the only rudiment of the 


is deficient in its posterior part. The carotid 


er complete alicochlear commissure as 
S exception of the higher Primates. 
nissure is fused with the anterior end of th 
the carotid foramen from the basicochlear 
tremitalpa, compared with other Insectivores, is 
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BEER) or merely a developmentally retarded postero-lateral 


rabecula (DE 
the trabecula, is as a rule recapitulated in the ontogeny of Mammals, 
‘ing only constantly absent in Primates. In the Golden Mole the internai 


carotid arteries are therefore completely extra-trabecular, even in the earliest 


stages of the development of the chondrocranium, as is the case also in Primates. 


The planum basale in the 24 mm embryo is fairly well chondrified being 


tinuous with the lamina hypophyseos in front and with the exoccipitals 
hind. It is separated from the cochlear capsule by a well-defined basicochlear 
The posterior basicochlear commissure is well defined in procartilag 

is already chondrified in the 25 mm embryo. Towards its middle th¢ 
planum basale displays a pair of small deficiencies, one on either side of the 
25 mm embryo these deficiensies are obliterated, being filled 


irtilage. Their significance is obscure but they may represent 


f a once more extensive posterior basicranial fenestra. 
notochord to the planum basale are of interest. In thi 
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rliest stages of development, while the planum basale is still blastematous, 


notochord lies dorsal to it. When chondrification sets in, however, 
rior part of notochord becomes embedded in the basal plate while its 


ior ‘ficial (dorsal) to the basal plate. A similar condi 
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has been reported for Elephantulus and for the sheep (BOLK 1922), 
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intervening strips of cartilage. The posterior part of the basicochlear fissure 
between the basioccipital and auditory capsule is still wide and the lower 


anterior tip of the occipital condyle is formed by the basioccipital. 


The basisphenoid makes its first appearance as a perichondral ossification 
of the lamina hypophyseos in the 31 mm embryo. Already in the 36 mn 
embryo it displays a pair of small tympanic processes medial to the cupulae 
anteriores of the cochlear capsules. In the 45 mm stage the basisphenoid is still 
separated from the alisphenoids and from the basioccipital by intervening 
strands of cartilage but it extends rather far forwards, well into the pre 
sphenoidal region, where it is interposed between the two orbitosphenoids, 
establishing intimate relations with these. At this sta 


oe 


the basisphenoid bears 
a pair of conspicuous wing-like processes (fig. 41). These processes spring 
from the ventro-lateral aspect of the basisphenoid and project forwards, down 
wards and laterally. Each contributes to the formation of the medial wall of 
the postero-ventral part of the osseous bulla. Broom (1916) recognised this 
wing of the basesphenoid in a young specimen of Chrysochloris hottentoita 
and regarded it as comparable to the basisphenoidal process of many reptiles 
in having a true articulation with the pterygoid. VAN DER KLAAUW (1929) 
reported a fairly well developed processus tympanicus basisphenoidei in an 


unnamed species of Macroscelides. KEEN and GROBBELAAR (1941) also men 


tions an extensively inflated basisphenoid in Macroscelides probiscideus while 


WEBER (1928) regards the presence of a processus tympanicus basisphenoidei 


as characteristic of the Insectivores. 
LATERAL STRUCTURES 4 THE CENTRAL 


These include the exoccipital cartilages; the auditory capsule; 
poraies; the alae orbitales and the nasal capsules. (The foramina imervening 
between these lateral structures and the central stem will be discussed with 
the structures concerned. ) 

The Exoccipital Cartilage (figs. 39 and 40) in Eremitalpa 
is fused below with the postero-lateral angle of the planum basale. Thi 
hypoglossal foramen which indicates the site of union lies behind and slightly 
medial to the jugular foramen (fig. 37). The lamina alaris of the exoccipital is 
well-defined and its anterior edge is closely applied to, but not fused with, 
the ventro-lateral aspect of the pars canalicularis of the otic capsule behind 
the jugular foramen. The processus paracondyloideus is inconspicuous and 
the recessus supraalaris, although well-defined, is rather narrow and lead 


postero-dorsally into the much compressed lower end of the fissura occipito 


STEM. 
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11. Transverse section through basisphenoidal regi f the | 


m embryo of Eremitalpa granti, in order to illustrate the relations of 


tympanicus basisphenoi 


capsularis. The posterior occipito-capsular commissure is 
| inferior occipito-capsular fissures are confluent. 


Superiorly the exoccipital cartilage merges into the supraoccipital cartilag 
4 4 . 41 1 
due to the absence of tal commissure, the occipital cat 


the occipito-capsular fissure 


occipital condyles are rather is stage of developme 


a. Eearly lopment the CXOC( cartilage: [In thi earlue 


nvestigated (18 and 21 mm) the exoccipital is completely blastematous and 


n the 21 mm stage it displays a well-defined autogenous blastem centre which 


is in weak continuity with the planum basale. It chondrifies relk 


veing well chondrified and in strong cartilagi inuity with 
! mm stage. A separat 
made out for the exoccipital, but it seems 
is present at an earlier stage but looses its separate identity very soon. 


the 25 mm embryo the greater part of the lamina alaris of the exoccipital 
well chondrified, but its attachment t - otic capsule is still blastematous. 
The exoccipital cartilage is also 1 ‘ak cartilaginous continuity with the 


> 


supraoccipital at this stage. 


a.mm. LE cm. 
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als. \ 
ty, o.ty.  smxl.g. 
Fig athe skull of a 
15 mm the processus 
lages Nave no adirect PaTletal plate ana Conmsequently 
Pe is not bound by cartilage antero-superiorly. The 
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{ ore 
' hat 
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ventro-latier: 


vl ) ptimal changes 171 the exoccipital cartilage: The lamina alaris does 


il aspect of the pars canalicularis until very late 


m embryo this fusion is extensive and obliterates the lower end 
occipito-capsular fissure. 


s of perichondral ossification in the exoccipital cartilage wer 
8.5 mm embryo where it affects mainly the inner surface of 
mm embryo the exoccipital is 
from the supraoccipital, “tabular” 

forms by far the 


extensively ossified but is_ still 
and basioccipital by strands of 

greater part of the occipital condyle and at this 
Imost completely surrounds the hypoglossal foramen (fig 


ig. 44). Th 
process Ossifies in continuity with the exocci] 


al 


Tron 
(figs 


», 39 and 42) of 
be divided for descriptive 


into the pars canaliculari 
ve purposes into the pars canalicularis whi 
semicircular canals and utricle and the pars cochlearis which lodges 

ductus cochlearis. The ixis of the auditory capsule 
passes obliquely upwards a ackwards ; the pars canal 
lorsal in position while the 


> neh! 1Q 
pars cochlea 1es ant 
17 


the 


saccule 


wularis being postero 


ero-ventrally. This is the 
Mammals except Humans. The antero-ventral convergence of the 
tory capsules 1 d and part of the cochlear capsule projects 


to neighbouring 
cranium are brief] llows: The pars cochlearis 1 


parts of the 

attached to 

hypophyseos only by mean f the rior basicochlear commi 
hlear commis ur ins +4 


lssure, 


S 


the 
to the planum basak 


laris has 


iS 


backward 
ventral 


COl 


margin witl 
;  Jateral jugular vet 

he c ipsulo parietal issure an mi 
ince the occipito-parietal commissure 

ct communication with the occipit 
as the shape of a short blunt process which partly 
Postero-medially it is fused with the pars canalicularis 
the crista parotica. The anterior end of th 
ssure arises from the upper aspect of the tegmen tympan 
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lirect communications either with the central stem or with the occipital ca 
tilases since the lamina alari f the exoccipital is merel 
llages sit mina alaris of the exoccipital 1s merely applied to ventro 
ateral aspect and the posterior occipito-capsular commissure is absent. Anterc 
lors he capsulo-parietal commissure attaches the pars canalicularis to the 
pal i 
[he parietal plate 1s very poorly defined. It appears _ 
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Consecutive transverse sections through the anterior part 
capsule of a 28.5 mm embryo (X 30) 


The upper end of the tympano-hyale is fused with the ventral border of 


crista parotica anterior to the primary stylomastoid foramen. Posterior to 


root of the tympano-hyale the crista parotica is continued backwards 


| 
cop. 
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04° n.fac. \ [0004 
BS 
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‘ n.aud. AAP SLO 005909 
: 
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lge which forms a ventro-lateral covering for the sulcus musculli 
thus converting this sulcus into a deep fissure. Further back th: 
lial edge of this overhanging ridge fuses with the ventro-lateral 
ars canalicularis ventral to the sulcus musculi stapedii, so that 
sulcus musculi stapedii ends in a short but blind canal. 
development. It 
[QOOT ), NOoORDI NBOS ( [QO5 ) 


1929), Microtus 1917) 


foss 
Superiorly 


1S boun 


Line o 


acochlears 


the prominentia 

inferior) and an inconspicuous prominentia 

which partly delimit the ill-defined f subarcuat: 
recessus ‘a-alaris. terior] re the pr 


o one another. 


the pars canalicul: 


tS Wallis Will De Giscussed 


th convex surtaces indente 


the auditory capsule: The meatus auditorius 
suprafacial commissure in the medial wall 


In the floor of the meatus 


lanes 
pars cocniearnris. 
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nrominent 
promi 
STA 194 
tapedii, 
ventro-m« 
aspect ot 
LS] 
DOST riorl 

lhe 
nd Fawcett (1918a), Sorex (DE BEER 
ind Suncus (Author). 

L edial Surface O ne pars displays a Wel re] 
subarcuata superior interna, the boundaries of which are as tollows 
t is bound by the prominentia semicircularis anterior; anteriorly it Mid 
by the prominentia utriculo-ampullaris anterior; posteriorly by the prominent 

‘ruris commumis and inferiorly by the promineniia utriculo-ampullaris pos @) 
er101 nferior). The well-defined suprafacial commissure arches forwards IR 
und edialwards from the prominentia utriculo-ampullaris anterror to. the 194 
intero-dorsal aspect of the cochlear capsule, thus enclosing the primary facia 
foramen. A secondary facial foramen is absent as in Microtus (lAwceT1 
IOI7 nd Elephantulus (Author). so that the facial nerv« ifter h | 1 
off the greater superficial petrosal nerve, leaves the cavum sup 
round the anterior border of the vestibular segment to enter the sulcus facials. 

he intero-medial su1 
111 cul impu T1S post 
Seq ircularis posterior 

inentia semicircularis posterior ends, the two recesses merge int [a 

ne surface Of the pars Calid ICUILATIS 1G ne greater par4rt un 
formiy convex, displaying only an inconspicuous fossa subarcuata superio1 
externa near 1ts posterior extremly. 

The pars cochlearis can be divided into a vestibular segment which contains 
the saccule and a cochlear segment which contains the cochlear duct. The vest: 
ment and the foramina in ater. Che cochlear segment 

alla TOTd 17) MCT. if! COCT Al 

s dome-shaped with smo0 iE by only one sulcus along 
ts ventro-lateral aspect for the internal carotid artery and deep petrosal nerve. 

The cupula anterior of the cochlear segment ends behind the carotid foramen 
and attaches to the lamina hypophyseos by means of he ant or Dasicocnieal 
con 1} ISSUTE. 

a. foramina in the wall of 
nternus les postero-medial to t 
of the vestibular segment of the [TT Ea 
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43 A—D. Consecutive transverse sections through the posterior part o 
capsule of a 28.5 mm embryo (X 27.5) 


+ 
I 


the auditory 


are three foramina, viz. the primary facial foramen im its extreme anterior 
end, transmitting the facial nerve; the foramen acusticum superius and the 
foramen acusticum inferius, transmitting the branches of the auditory nerve, 
ire situated postero-lateral and postero-medial to the primary facial foramen. 
The two latter foramina are separated by an extensive crista falciformis. At 
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this stage of development the foramen acusticum inferius does not display 


separate subdi 


the 


ymphaticum is a simple oval-shaped perforation 1 


the prominentia 


I 
17 


ampu 
Du 


visions either for the lower nerve to the saccule or for the nerve 
ampulla of the posterior semicircular canal. The foramen endo- 
in the dorsomedial wall of 


cruris communis directly behind the prominentia utriculo- 


aris posterior (inferior). 


to the entire absence of the processus recessus, the presence of which 


racteristic for Mammals only, the recessus scalae tympani is not included 


auditory capsule an 


auditory capsule as in primitive 


1 consequently primitive conditions prevail in this 

foramen perilymphaticum is large and situated in the extreme 

! aspect of the cochlear capsule. It opens directly to the exterior 

Mammalia and is bound in front by 

edge of the floor of the cochlear capsule and behind by the free 

f the pars canalicularis. From the above description 

a true fenestra rotunda dose not exist in Eremitalpa at 
yf development. 

metotica is undivided and has the shape of 

yy the planum basale; laterally by the ventro-medial edge of the pars 

anteriorly by the fusion « 


a simple cleft bound 


f aSail plate and au litory capsule 
of the posterior basicochlear commissure and posteriorly by the 
yf the exoccipital cartilage. It transmits amongst others the 
verves as well as the ductus perilymphaticus and 


internal jugular vein. 


is a much elongated rectangular opening 1n the lateral 


egment of the pars cochlearis. It lodges the foot of the 
sulcus facialis opposite the root of the tympano-hyale. 


auditory capsule: The membranous labyrt 


interconnecting spaces which, like the 


and cochlear parts, 


seoments 
si 


ing between the cavum cochleare and cavum cana- 
‘ather poorly delimited from . It lodges the saccule, the canalis 
the proximal portion ‘is. Antero-dorsally 


i wWulare COMmmunicates 


292 
_ 
n the 
region. T 
postero-v« 
rf the 
the poster 
interior e 
it WI ] 
this Stage 
> A 
[he fis 194 
medially | 
( wnalicula 
n the form 
processus ala 
[Xth, Xth an 
the upper termination of the ii’ 
wall of the vestibular 
stapes and faces the 
widitory capsule itself, can be divided into canicular (I the 
tter of which can again be subdivided into coclear and vestibular ggg 
The cavu 
culare, iS I 
reuniens at 
the cavum vests freely with the antero-ventral aspect of 
the most anterior part of the cavum canaliculare. This latter part of the cavum 
canaliculare lodges the greater part of the utricle and the ampullae of the 
interior and lateral semicircular canals, being expanded as the recessus utriculo 
umpuliares anterior et lateralis tor the reception ot these, [he poster1or por- 
{] mM ot the cavum canaliculare has a complete floor. the free anterior edge 
of which forms the posterior wall of the foramen perilymphaticum. In this 
egion the cavum canaliculare expands into the recessus utriculo-ampullaris 
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CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES” 
posterior (inferior) which contains the posterior extremity of the utricle, the 
ampulla of the posterior semicircular canal and the posterior, non-ampullate, 
opening of the lateral semicircular canal. Immediately behind the recessus 
utriculo-ampullaris posterior the cavum canaliculare is continued as the sinus 
superior which lodges the crus commune of the anterior and posterior semi- 
circular canals. 

Owing to the very shallow fossa subarcuata superior externa the massa 
angularis is very thick. 

The extreme anterior end only of the cavum vestibulare is delimited from 
the cavum cochleare by the basal end of the septum spirale; for the rest the 
cavum vestibulare communicates freely with the cavum cochleare ventro 
medially. Usually the medial end of the free anterior border of the floor of 
the cavum canaliculare is continued forwards as a ridge along the ventro 
lateral aspect of the dorso-medial wall of the pars cochlearis, thus partly 
separating the cavum vestibulare from the cavum cochleare but in Eremitalp: 
even this faint ridge is absent. Except for its extreme basal portion the septum 
spirale is still non-existent in Eremitalpa at this stage of development. 

c. Early development of the auditory capsule: Up to the 21 mi 


lastematous. At this stage it shows dens« 


auditory capsule is entirely b 
concentrations—one in the pars cochlearis and another in the pars canalicularis. 
In the 24 and 25 mm embryos the otic capsule was found to be slightly 
chondrified except for the pars vestibularis which was still blastematous a 
this stage. Irom this it can be gathered that the otic capsule chondrifies from 
at least two centres: one in the pars cochlearis and another in the pars 
canalicularis. These centres are joined in the 27 mm embryo. 

Regarding its connections to neighbouring parts of the chondrocranium the 
anterior basicochlear commissure is first defined in cartilage in the 27 mm 
embryo; the posterior basicochlear commissure is already present in the 25 mn 
stage but fusion with the lamina alaris of the exoccipital does not occur until 
in the 36 mm embryo. 


1° 
| 
I 


The parietal plate arises from an autogenous centre being slightly chondrified 


in the 24 mm stage. Its attachment to the otic capsule at this sta 


oe 


blastem and not until the 27 mm stage is cartilaginous continuity esta 


between it and the otic capsule. 
d. Post optimal changes in the auditory capsule: The tegmen tympani, which 
in the 28.5 mm embryo is only very poorly developed, increases in size markedly 


> 


during the later embryonic stages, being a long and stout cartilaginous spur 


in the 45 mm embryo. Similarly the processus recessus, which in the 28.5 


embryo is entirely absent, develops subsequently. * 41 mm embryo and 


to the lateral edge of the planum basale. Posteriorl 


also in the 45 mm embryo it has the form of a short stout rod which 


closely applie 


blindly so that the recessus scala tympani still remains extr 


21. A. Z. 1947. 
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ot defined. 


nm embrvo, become 


Ss suggest 


ore its de velopm« nt seen [ associated with the protection 


ein. As its development in the mole proves, 


the tympanic cavity. 


ral entotympanics could be found in the embryonic stages 
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fissura metotica undivided and the fenestra rotunda nl Also the 
septum spirale, which is hardly developed in the 28.5 = ; 
etter defined in the later embryonic stages. 
ties heen mentioned as entirely the 
ryo. | he 41 mm stage a small, and in the 45 mm stage a much 
ell eveloped processus opercularis 1s present, however. In the latter stage 
Sd inc O he uppel aspect O! pal O! he pars Canali 
ris eral to the lateral jugular vein. It therefore helps to form a deep 
ugh le iatera jJuguia vein OVeT The asper of the « {psulo-parteta 
ssure. Actually ne anterior upper edge OT the Ooperculia process ruses 
Witl e base of the parretal plate thus converting the deep trough for the 
teral jugular vein into a canal anteriorly. 
l hese relations in the Golden Mole seem to shed new lhght on the true nature 
Opel PTOCESS. Im the ne processus O} Seems 
to represent a structure which develops in situ from the otic capsule, and 2& 
which does not grate into that position secondarily, aged by DE BEER 194 
1929) ; further 
ule n ontogeny so that a processus opercularis may probably prove to 
be present. in many Mammals in which it has been reported to be absent in 
relatively young embryonic stages. 
14 mbhr nic at mn) 1; mn the 
ven in the oldest embryonic stage at my disposal (45 mm embryo), tne 
auditory capsule 1S very pooriy d; by far the greater part Deing still 
cartilaginous or only very slightly perichondrally ossified. However, three main 
ossiiication centres can be readily made out in the auditory capsule at this 
stage. Of these, two centres are observed for the first time in the 45 mn 
embryo, while only one centre can be made out in the 42 mm stage. The 42 mm 
embryo displays a rather limited zone of perichondra! ossification in the pars 
inalicularis over the prominentia utriculo-ampullaris posterior (intertor). In 
$5 mm stage this centre 1S nore or isolated Dut 1S much more 
xtensive (fig. 44) and affects the major parts of the prominentia utriculo 
umpullaris posterior and the prominentia cruris communis. It extends almos 
is far back as the cupula posterior of the auditory capsule. In adddtion, the 
15 num embryo shows an autogenous ossification centre in the postero-interior 
part of the pars cochlearis. This centre is rather limited at this stage. The 
Cit LLC Va U1 Lilt Ot tn Capsule alsO Splays 
a fairly extensive ossification centre in the 45 mm embryo. Amongst others 
is centre involves the whole ot the bridge of the foramen taciale secundar1um 
and from it expands forwards in membrane bone fashion to help in the tor- 
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ransverse section thi 


occipital 1 


mole investigated ; neither coul 
be distinguished. 
1 


tubae auditivar 


embryo an 
to the fenestr 
This cartilaginous sheath has for t 


parts it 1s tube-like. It 


but in 


pierces the stapedial fenestra together with 
irtery and attaches in front to the wail of | -s vestibularis, anterior 
fenestra ovalis. Posteriorly it attaches to the oti capsule postero-ventra 
fenestra ovalis. CooPER (1928) maint: that 
later development. 


this cartilage become 
in 
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Fic, 44. TEE oueh the posterior part of the auditory capsule and « 
ion of a 45 mm embryo (X 15) 
of the l any rostral or caudal petre sal tympani 
piates 
The ell developed in the 42 mm and 45 mm 
stages. in the 45 mm embryo, the stapedial 
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\nother cartilage bar lies on the medial side of the internal carotid artery 
s it passes lateral to the fenestra ovalis. The connections of this bar are similar 
hose just described for the cartilaginous sheath of the staped 
3 ie Ala Temporalis (figs. 38 and 41) in Eren 
ry extensive, but, rather than being plate-like, it has the shape of a Hil 
ca ginous rod. It 1s jomed to the antero-lateral edge of the lamina hypo 
physeos by means of the processus alaris, It 1s directed forwards, laterally and 
ipwards; its posterior or basal portion being almost horizontal m_ position 
while its most anterior portion (processus antero-lateralis) is strongly inclined 
lorsally forming an angle of nearly 45° with the horizontal plane. The antero 
teral process extends forwards as far as the ala orbitalis, but is not pierced 
by foramen and dos 
1 his nerve passes downw ris nostero-lateral te the ala te 
\ pea iIWa } tC] la la LO LIC did 
pterygoid process (anterior process l-AWCETT) 1s short and antero 
edially. It 1s not directly related to the pterygoid cartilage but lies close to 1 
l \ \ plery DOT which, however, Goes not invade 1t at tnis 
stage of development. No foramen ali-sphenoidale for the infra-orbital artery 194 
O foramen rotundum for the maxillary nerve is present. The intra-orbital 
21 embryo is represented by an autogenous blastem rudiment which 1s 
ry shght continuity with the anterior end of the “polar element’ of the 
lamina hypophyseos. In the 24 mm embryo it is slightly chondrified and the 
processus alaris, binding o the lamina hypophyseos, is still procartilaginous 
so that the ala temporalis in the Golden Mole, as in the majority of Mammals, 
hondrifies from an autogenous centre. Cartilaginous continuity between ala 
temporalis and central stem is established in the 25 mm stage. AZo 
phantulus (Author), the pterygoid process of the ala temporalis cev RRR 
n autogenous centre. In the 27 mm embryo it 1s well chondrifred and in 
ose contact with tne vast rudiment of the pterygo 1 cartilage, but its 
conn ons with the ala porals at this Stage are only Diastc: 
Plimal Changes th dla temporalis: | he ala tem pH fics 
) e alisphenoid. The entire alisphenoid, however, is not preformed in 
tilage but as in the orbitosphenoid and “tabular” (see later), the cartilage 
bone expands in membrane-bone fashion to attain its adult compass. The first 
trace of an alisphenoid ossification was found in the 41 mm stage in the 
extret interior outer border of the ala temporalis. In the 45 mm embryo, 
almost the entire ala temporalis is ossified, leaving only a : 7 
cartilage in its anterior end and another more extensive nodule 
medial end where it attaches to the central stem (fig. 45). 
A foramen rotundum for the maxillary nerve is almost completely isolated. 
[he alisphenoid forms the anterior ventro-lateral wall of the large anterior 
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Vd.n. 


15. Transverse section through the skull of a 45 mm embryo 
ala hypochiasmata and orbitosphenoid (X 30) 


superior part of the osseous bulla which lodges the large 


in this position it is related to the squamosal, pterygoid, orbitosphenoid 
basisphenoid, At no stage of its development is the ala temporalis inva 
the pterygoid, and in the latest embryonic stage investigated, the 


was found to be still separate from the pterygoid. 


‘emitalpa is 
extensive triangular cartilaginous plate ich forms the ventral and 
lateral protection for the anterior part of the brain. Its anterior basal 
is connected to the frontal prominence of the pars intermedia of 
capsule by the wide sphenethmoidal commi . Similarly its posterior 
angle is connected to the anterior edge of the parietal plate by the well 
orbito-parietal commissure, thus completely isolating the extensive 

ietal fontanella, bound as follows: mediall 
orbito-parietal commissure, posteriorly by auditory capsule 


iorly by the ala orbite 


The apex of the ala orbitalis is directed me ially and does not 


to enclose the optic foramen but ls in a free pointed extremity 
the ala hypochiasmata. The anterior border of the medial portion of 


orbitalis rests on the dorsal postero-lateral a t of the pars posterior 


nasal capsule. 
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wing-like process directed 

‘rally dorsal its 
«mata is in no direct cartilaginous 
en is absent: both pre- and post- 


since the ala hypochia 


tic root has thus far been 
1930 and DE 


1917), Mintopterus (FAWCETT 1919) 
1920). absence ot a pre-optic root has 
and hosurus (BROOM 1909) in which 
posterior 


the cupula 


la orbitalis with 


(ethmoidal 


Q 
i hypochiasma a has the shape ot 
inte1 erally. The optic nerve runs fol 
4 ] 
continuity with the ala orbitalis, an optic Tor 
p roots being Geticrent. The absence of a post-O] 
report in a Marsupials investigated (17 \DTMUI 
27), as v as in Microtus (1 
nd G pithecus (HENCKEL 
only en reported in Dasyuru 
wer 
1 wm recarde 1S 
\\ reLATACaG a U Tis 
he intimate relations of the amterror Cts ot the a 
re posterior of the nasal Capsuit the orbito-nasal 
Sul s subdivide nto a wide dorso-laterai division, which transmits 
ophthalmic nerve and branches of the micas neningeal artery; a into a 
1 31 er ventro-medial division: the roramen prechiasmaticum. Chis lattet 
I 1 not completely isolated from the sphero parietal tfontaneila tO 
t] ale ot the pr al post optic ots ol th ala orpitalls. | or a 
| 
{ T tions of tl foramen prechiasmaticum 11 other Mammals th readet 
STADTMULLER (1930). 
the ala orbitalis: The ala orbitals Is compietels 
tous in the 21 embryo displaying blastem centres, One for the 
smata, ai another for the remaiming part OF ins ala orbitaiis. 
hrvo the hvpochiasmat us siti procartilaginous ; 1n the 
e it 1S sient hondritied Dut st separate trom the centTdal 
2 ent 
\lthoug 1] chondrified, the ala hypochiasmata does not fuse with the cen- 
I Sit er tl mm stage. The rest of the ala orbitalis 1s 
ritrved im tne embrvo, s connectrons with the Madasd capsule and 
1 being SU procartiag nous. Both the sphenethmoidal amd 
I missures are slightly chor lrified in the 25 mm embryo. 
sim aia or alis i198. 45 al 17): At no stag 
lopment dees the ala hypecl ‘asmata acquire any direct connections 
the rest of the ala orbitalis since Mm ther the pre- nor tn post-optic roots 
Ory eV t p. 
hypochias ita ossifies 1 orbitospneno1d This orbito 
-<cification was first observed m te 50 age, at which 
| ] ] ] ] 4 
- merely the anterior end of the ala hypocniastiiate. In the 41 n 
emb1 the hyvnochiasmata is almost comprete:) ossified and this ossifica 
anhrane hone fashion forming ‘tie cup-shaped 
X Dd DTal DOT n 1 pn uimatlic, cu] 
11 : nt for the ventra iteral and posterior aspects of the cupula posterlo 
o1 nasal capsule. There can be little Cot hat s this orbitosphenoid 
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Consecutive transverse sections through the sphenoidal 


of a 28.5 mm embryo 
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4 1 } ] 4 1.1 1 ont 99 
ossification which has been deseribed as the problematic element “x” by 
(1916) tor Chrysochloris. 

Phi 1 hypochiasmata is clearly indicated in BRooM’s re (p. 
bu ] lid not ppreci t] if 111 ly ot t} -hitalis 
UU l NOt appreciate tila t Was acludi Va pal tn dala 

vhich, at this stage was already in an advanced stage of resorption. Had h« 

SO, the S1gniticance the element Wou l have becom« apparent, 
ecause this element would undoubtedly have been intimately connected to thi 

1 hypochiasmata the specimen he examined. 

' In the 45 mm embryo of Eremitalpa the orbitosphenoid is a fairly extensive 
nter rally directed osseous wing which bears a conspicuous ventral crest 
nd still lacks an optic foramen. 

\ PER 1928) maintains that a separate optic foramen does develop in 
the orbitosphenoid of the Golden Moles but that it is only visible from the 
ot the skull] T 

lj rbitosph id is related to the palatin mer, ptervgoid, alisphenoid .¢ 

ihe Orbitosphenoid 1s related to the palatine, vo rygoid, alispl | 
ind basisphenoid. The latter relation is rather peculiar and 1s made QR 194 
v the extension of the basisphenoid ossification into the [RF EB 
of the central stem, thus becoming interposed between the medial ends of 

\part from the ala hypochiasmata the rest of the ala orbitalis does not in 

iny Way contribute to the formation of the orbitosphenoid, but 1s completely 
resorbed in later development. In the 45 mm embryo the greater part of the 
la orbitalis 1s very thin and already im an advanced stage of resorption, 
especially im 1ts medial end; the sphenethmoidal commissure and antero-latera 
part of the ala orbitalis being the best preserved. The orbito-parietal commissure 
Is also pictely resorbed at this stage except for a small rudimentary sput 

posterior end ol ne iia Orbitalis. 

5. The Nasal Capsule (figs. 37, 38 and 40): In contrast to the 
majority of Insectivores the nasal capsule of the Golden Mole is short, wide 
ind strongly built. This is to be expected if one bears 1n mind the burrowing 
habits of the animal. Almost half of the nasal capsule is subcerebral in post 
tion, the remaining precerebral part inclining steeply forwards and d—_: 

l‘or descriptive purposes the nasal capsule can be divided into a pars 
POscterior, pars intermedia and a pars anterior, the DOUNCaries OT Whit h wil 
x described in due course. 

Exterior of the Nasal Capsule:—Tectum nasi. The roof of the pars inte1 
nedia and pars posterior of the nasal capsule 1s subcerebral 1n position, slant 

ng DaCKWaTds and GOWNWarTCS at an angie OT aDdOUt S MOS ncompret 

T r¢ cince the ying crmrosa very veloped. It CONSISTS 

Ci Ag Nn al na rip1 1 Ly. | 

unly of the crista intercribrosa which represents the free upper edge of the 
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n.pt 


Fig. 47. Ventral view reconstruction of the sphenoidal region of the skull 
embryo. Most of the membrane bones on the left side have been cut 


out 
struction in order to show the 


sphenoids clearly (X 18) 


posterior root of y ethmoturbinal and which delimits a spacious 
antero-lateral fenestra from an even larger postero-medial fenestra. The tectun 
edially it is fused with the septum nasi; 

is more steeply inclined backward than the rest 
upper edge of the septum nasi projects slightly between the 
thus constituting a fai 


nasi posterius is complete and m 


of the lamina cribrosa. The 
two incomplete 


rly well-defined crista galli. 


y 
all 


laminae cribrosae, 


The precerebral portion of the tectum nasi slopes steeply downward 


1 


angle of about 45°. Medially the 


tectum is continuously blended with 
upper edge of the septum nasi which | in the floor of a well-defined sulcus 
dorsalis nasi. This sulcus, however, does not lead into a cavum 


internasale 
anteriorly, since the cupulae anteriores of 


the nasal capsule are not 


Laterally the tectum nasi is fused with the upper edge of the 


foramen epiphaniale is present on one side only—in an ol 
found to be bilaterally represented. 


The paries nasi is complete except for one deficiency, the fenestra superior 
nasi, near the tip of the snout. The pars posterior is small and poorly devel 
oped. It is demarcated from the pars intermedia by the poorly defined postero 
lateral sulcus which runs downwards and slightly backwards and corresponds 
to the attachment of the middle and anterior root first primary 
ethmoturbinal. On its outer surface it does not display any secondary sulci 
caused by the internal attachment of the 
turbinals. Ventrally it is 


second and third primary ethmo 
continued into the lamina transversalis posterior, 
dorsally into the tectum nasi posterius and posteriorly into the cupula posterior 
of the nasal capsule. 


RANIAL DEVELOPMENT 
mx pt 
p.ty. bsp. alt mm 
a ot a 45 m1 
the recor 
at an 
 parics nasi. A 


primary eth- 
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postero- 
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the posterior 


Golde 


1 developed, 


Shortening oO! 


two thirds 
fraconchalis 


tne atlacnmen ine nasott 
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[he pars intermedia projects far laterally due to the deep recesses which 
it lodges. Anteriorly it 1s delimited from the pars anterior by the antero- 
lateral sulcus corresponding to the internal attachment of the crista semi- 
circularis. The attachment of the superior root of the first [I 
moturbinal causes a deep suicus On the lateral aspect Of the P 
This sulcus delimits the prominentia superior (frontalis), wh 
dorsal in position, from the prominentia anterior and the | 
terior (maxillaris). The sphenethmoidal commissure arises from [RRR 
dorso-lateral aspect of the prominentia superior. 
The pars anterior in the th: 
part having undergone the greatest modification during the gE th: 
snout. The free ventra yf 
this region is bent n 0 
turbinal; no lamina in Ny 
‘ 
he posterior half of the pars anterior displays a deep sulcus postero- QR 
lorsally which corresponds Below this 04 
sulcus lies the prominentia Which projects Dackwards tor some 
distance ventral to the prominentia anterior. The nasolacrimal canal runs cb- 
quely upwards and backwards over the prominentia supraconchalis but is not 
odged in letinite sulcus. In the anterror devision ot the pars anterror (fig. 
iS) ti entral edge ot the paries nasi 1s fused with the lateral edge of th 
trancvercalic nterior for short distance this resultine in t] f 
a 11) I i SMOTT Cdisiance, tnu uiting in tne OTINa 
on 1 complete zona annularis. In this region the nasolacrimal canal 1s 
odged 1 leep sulcus along the ventro-lateral aspect of the zona annularis, 
his sulcus « esponding to the liane of fusion between paris nasi and lamina 
ransversalis anterior. The zona annularis is very narrow and anterior to 1t 
ve nasolacrimal duct enters the cavum nasi through the posterior end of. the 
fenestra naris, no separate foramen pretransversale being isolated for its 
ransiniss1on, Supero-lateral to the tenestra naris 1s situated a narrow elongated 
fenestra superior nasi (foramen dorsale of FAWCETT and fenestra lateralis of 
STURM [his tenestra 1s separated from the fenestra naris by a strip of 
pal Ss nasi, which, a nis stage, 1s not ve In Ccartliaginous continuity with the 
tectum nasi, anterior to the fenestra superior nasi; only a dense band of 
mesenchyme delimits the fenestra superior nasi from the fenestra naris 
anteriorly. The fenestra superior nasi faces downwards and laterally rather 
than upwards. \t this stage of deve pment no processus alaris superior, pro- 
cessus alaris inferior or processus cupularis is present. The fenestra naris 1s 
an CATCNSIVE Opel TacingY TOrwaras anda 
The solum nasi (fig. 38). The floor of the posterior quarter of the nasal cap 
sule 1s tormed by the lamina transversalis posterior and the postenor para 
septal cartilage which springs trom the antero-medial aspect of the lamina 
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1D. Consecutive transvers« 


transversalis posterior. Both th« 


ransversalis posterior are Sepa 
The posterior paraseptal carti yrojects forwar 
extensive frenestra Dasa 


r101 


s. Its ante 
] ] { > tale 
end of the anterior paraseptal cartila 
opment the posterior paraseptal car 
\ peculiarity of unknown significance 

lage which surmounts the posterior para 


1 


to the lateral aspect of the nasal septum ( 


d.gni. | 
gO 259°99 SOO OD 9 | 
SOY OF: OO Ann N00 pigs 40 9 
Pp.cp, “ P.P.CP, 0¢ 
~ 
p.lv. 
tn. 
p.lv. 
’ 
BOLLE sidn. sidn 
| J D Ske 
ta. Saves 520 
RSS 
Ita. 
tig. 48 \— EE: sections through the tip of the snout of a 28.5 mn 
embryo (X 50) 
Pe: posterior paraseptal cartilage and the lamina 
lptum by a narrow fissure. 
Is to end blindiy in the 
rated from the poster1or 
vy a wide gap. At this stage of devel 
is not as yet invaded by the vomer. 
the presence of a flange of thin car 
tal | ] ‘ 14 ] 
septal cartilage and is closely applied 
figs. 50, 53 A). 
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Fig. 49 A—B. Consecutive transverse sections through the nasal HR of a 28.5 mm 
embryo (X 60) 
he anterior paraseptal cartilage contributes to the formation of the Zi 
of the Idle portion of the nasal capsule, which, for the rest, 1s ii 
neomplete resulting in the formation of the extensive fenestra basalis. Hi 
anterior paraseptal cartilage itself is poorly developed. It consists for the greate1 
part of a fairly wide vertically placed lamella which is separated from. the 
nasal septum by a narrow septo-paraseptal fissure. Anteriorly the lamella 
- i 
fuses with the posterior border of the ascending medial wall of the lamina 
transversalis anterior. Only the extreme posterior portion of the ventral border 
of the vertical lamella is slightly recurved lateralivy, there being no trace of 
eithe1 in outer bar”’ ( BROOM), OT a ‘lamina horizontaits (STI RM). The 
organ of Jacobson itself projects further back than does the vertical lamella 
of the anterior paraseptal cartilage. Both a cartilago ductus nasopalatini and 
pala pia dal are. i] 4 The Ppaia 
i 1 YO palatins ire absent. 
r] W011 transversalis anterior forms the oreater part of the floor of the 
nasa ipsule ont of the fenestra basalis. Laterally used wath the 
ventral border of the paries nasi and medially the two laminae transversales 
interiores fuse with the lower border of the nasal septum which, 1n this region, 
lies at a much lower level than it does between the two anterior paraseptal 
artiages; the change, being abrupt, results in the formation of a little blind 
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Se 
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Fig. 50 A—D. Consecutive transverse sections through the nasa! septum 
embryo, in the region of the posterior paraseptal cartilages ( 


fossa in the nasal septum between the anterior extremities of the two anterior 


4 


paraseptal cartilages. The sulcus ventralis nasi is shallow. Antertorly the lamina 


ransversalis anterior leads into the well-developed processus lateralis ventralis 


which tapers anteriorly and forms the fenestra 


forms ventral delimitation of the 
naris. 


Interior of the Nasal Capsule (fig. 51): As in the majority of Mammals 

. 
with a pronounced subcerebral lamina cribrosa the turbinal cartilages in the 
pars posterior and pars intermedia of the nasal capsule are almost vertically 
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5 al \ re nstruction of tl nasa apsule ) 1 28.5 mm embry he Nasal 
septum has beet ut nt (X 20) 
pia . ese turbinals being uSsualiy arranged more or less at right angies 
o the lamina cribrosa. The turbinal cartilages divide the cavum nasi 1n this 
O ecesses, Whicn, urbDinals nemselives, a 
| ti \ ALU | | all | 
boundary Of the pars posterior. This large and ypically bilaminate turbinal 
ses from the tectum and paries nasi by four roots: the postertor root arises 
4 - 1 1 1,11 
rom tl entral aspect of the lamina chribrosa; the middle and anterior roots 
paries 1 s1, causing he suleus nostero-lateralis on its outer 
supermor root rises trom the medial aspect Of the paries nasi 
1 pars intermedia and will be discussed later. The large upper or anterior 
lamella of the first primary ethmoturbinal projects very far forwards into 
Tee v as blindly ending spur. while the smaller lower or posterior 
V nding spur, wh r 
lamell 8 fT lively poorly developed at this stage. \part from the first primary 
ethmoturbinal 1 pars posterior st odges the second and third primary 
ethmoturbinals. Both these turbinals are, at this stage, of a simple unilamellar 
COMNOSIT101 wd in the inter enil nasal recesses no trace of secondary 
ethmoturbinals can be found. 

The attachment of the crista semicircularis delimits the pars intermedia 
antero-dorsallv, anterroriy and antero-ventrally. Externally it results in the 
formation ofthe sulcus antero-lateralis. The crista semicircularis 1s strongly 
deve Oped and a though its attachment ae scribes an irreguiar semicircie W th the 
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52. Transverse section igh the nasal capsule of 
tip of the snout (X 60). 
convexity facing forwards its free edge, faci backwards, torms 


‘SS 
vertical line, with the result that t | | the recessus anterior is hidden 
from view by the crista. 

Postero-ventrally the crista semicircularis ends in a short processus uncinatus. 


Below and behind this process the crista semicircularis merges into the paries 


nasi and does not extend to 1 ‘ee ventral edge; consequently the recessus 


recessus inferior et anterior frot frontalis ). 
The recessus superior, although deepest and therefore resulting in 
pronounced prominence externally, is not extensive. 


lodges the first and second secondary ethmoturbinals ; 


extend from the superior root of the first primary ethmoturbinal antero- 


ventrally to the | 


amina cribrosa postero-dorsally and are poorly developed at 


this stage. The presence of these two secondary turbinals in the recessus 


results in its subdivision into three secondary recesses, viz. a superior, 
‘and an inferior secondary recess. Of these, only the superior second- 
ary recess lying between the crista semicircularis and the first secondary eth- 
moturbinal, communicates freely with the recessus anterior. The recessu 


anterior is well developed and results in the conspicuous prominentia anterior 
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t communicates freely with the recessus inferior (max- 
leveloped and projecting far backwards. The glandula 


is poorly developed, but some of its lobules 
connective tissue which lines recessus 


he nasoturbinal 1s ill-defined and is restr 


estricted to the posterior half of 


er developed and, duc 
maxillo-atrioturbinalis, it is continued anteriorly into 


Lt 


pars anterior. The maxilloturbinal is much 


recessus supraconchalis, lying between the naso- and 


‘fined but lodges only the duct and a few lobules of 


lateris. The atrioturbinal 


is strongly 
counterpart to the sulcus for the 

the zona annularis. 
nasi 


the shape of a large triangle the base of 


nasal septum. This baseline is 
quite straight if ve the concavity 
1 downwards. The apex, 1 al { greatest dorso- 
nasal septum, anterior medial ends 
iminae cri 


postero-superior border of the nasal septum 
plates. This border, like the ventral edge, 1 
rsally. This convexity projects al 
the crista galli. The antero-superior border is continuously 
ial edge of the tectum nasi, and at the junction of the 
posterior two thirds pars anterior it displays a 
‘ing concavity. No dificiencies encounterad in 
age of development. 

lopment of the Nasal Capsule: The rasa 
the 21 mm embryo. The nasal septum, at this stage, 1s 
liscontinuous with but the whole 


stem, includi the part behind the nasal 
continuous blastematous Eee ks paries and tectum nasi 
form one continuous 
ia, but the pars posterior 
nasal capsule, there- 
fused in the 21 mm 


ains its separate identity. 


q° 


mm embryo displays an autogenous blaste: 


externally ; ventrally 
1] ) which 11S ylso 
penetrate into the subepithelial 
interior et inferior. 
Wd 
t 
he poor 
opt 
nasolac4ri 
The si 
which 1s ) 
4] 1 4 CAA’ 
Ol 
ventral ¢ 
of the 1; 
sriforn 
slightly 
briforn 
WI ] ] 
prended 
interior 
marked 
ptum 
a. 
Diastem 
lasten 
4] m9 os 
pars rabeculs 
capsule, forms ont 
ire also well repres 
blastem sheet for th 
d 
pia) 
fore, the parieto-tec 
4 1 © 1 4 4 
embryo, while the antorbital centre (TERRY) still ret 
centre, 
In it] the oreater ar t} le 4 lefi ed in 
n the 24 mm stage the greater part Of the nasal Capsule is ¢ Ined 1n pro 
cartilage. The nasal septum is slightly chondrified in its posterior end; its 
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greater part, however, 

is procartilaginous and 

its extreme anterior 

tip is still blastema 

tous. The pars anterior 

and pars intermedia of 

the tectum and partes 
nasi form a continuous 
procartilaginous — sheet 
which is in procartilag- 
inous continuity with 
the upper edge of the 
nasal septum in_ the 
region of the zona 
annularis; for the rest 
their attachment to the 
nasal septum in 
blastem. The most an- 
terior part of the paries 
nasi and the lamina 


transversalis anterior 


are still completely bla- 


stematous at this stage. scs.fsn. 


An autogenous pro- 
cartilage centre can be 
distinguished in the la- 
mina verticalis of the 
blastematous anterior 
paraseptal. The pars 
posterior in the 24 mm 
embryo is almost ex- 
clusively blastematous. 
In the 25 mm em- 
bryo conditions are 
very much the same as 
in the 24 mm. stage 
with the only exception 
that the procartilage 
Fig. 53 A—B. \. Lateral view reconstruction of part of 


of chondrification. the nasal septum, together with the anterior and posterior 
paraseptal cartilages and Jacobson’s organ, in a 28.5 mm 


embryo (X 40). B. Lateral view reconstruction of the 
bryo the nasal capsule tip of the snout in a 45 mm embryo (X 45). 


In the 27 mm em- 
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chondrified. The septum, tectum and paries nasi are in car- 
ilaginous continuity with each other, except for the antorbital cartilage which is 
still shghtly demarcated from the rast of the nasal capsule by procartilage. 

anterior paraseptal cartilage is continuous with the lamina transversalis 
blastematous. Similarly the extreme anterior 
end of the nasal capsule is still partly blastematous. The lamina transversalis 
posterior and the posterior paraseptal cartilage develop in continuity with the 
paries nasi and do not arise from autogenous centres. They develop quite 
early, being already partly procartilaginous in the 24 mm embryo. The vertical 
flange of thin cartilage which surmounts the posterior paraseptal cartilage, 
lisplays a well-defined autogenous blastem centre in the 24 mm embryo; but 


could not be determined, however, whether it chondrifies separately or in 


continuity with the posterior paraseptal cartilage. 


figs. 52 and 53): A processus 


Post optimal changes in the Nasal Capsule 


cupularis is entirely absent in the 28.5 mm embryo, but in the 45 mm embryo 


well-developed processus cupularis of a rather complex nature is present. It 


ises relatively far back from the ventro-lateral aspect of the processus 


ittle process Was observed for the first time as a 


ilaginous rod in the 31 mm embryo. Similarly a processus alaris 


superior was reported to be absent in the 28.5 mm stage where the fenestra 
superior nasi was not even completely separated from the fenestra nasi by 
lage. In the oldest embryonic stage of the Golden Mole investigated, how 


ever, the fenestra superior nasi is completely delimited from the fenestra naris 


by a thin strand of paries nasi. This cartilaginous bar bears a small backwardly 
cted wing of cartilage on its antero-lateral aspect which could perhaps be 


‘ms. Dorsal to 


} 
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Slender cart 
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1 lu This duct pierces the anterior end of the atrioturbinal, 
passing rough small foramen to open into the nas ivity. The anterior 
end of 1 itrioturbi1 in the advanced stages of development, theretore, 
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The nasoturbinal, which in the 28.5 mm stage was found to be rather poorly 
developed, increases in size rapidly during later development. In the 45 mm 
embryo it extends forwards into the region of the zona annularis as a 
minent ridge to a point immediately behind the fenestra superior nasi. 
duct from the glandula nasalis lateralis lies just below it in this region. 
attachment of the nasoturbinal to the paries nasi results in the formation of 

well-defined sulcus laterally; this sulcus extends forwards, over the zona 
annularis and delimits the prominentia supraconchalis dorsally. It displays a 
slight elongated deficiency at its base just above the attachment of the root 
of the nasoturbinal and about at the level of the posterior border of the zona 
annularis. 


The glandula nasalis lateralis, which is very poorly developed in the 28.5 mm 


embryo, is of enormous size in the 45 mm stage and lines the greater part of 
the recessus supraconchalis as well as the entire recessus inferior et anterior. 

In the 31 mm embryo a third secondary ethmoturbinal already makes its 
appearance at the base of the deep recess between the first and second primary 
ethmoturbinals. At this stage the second primary ethmoturbinal also shows the 


first signs of becoming bilaminate; the small newly formed lamella lies lateral 


to the main lamella of the turbinal and even in the 45 mm stage remains 


relatively poorly developed. 

The anterior paraseptal cartilage in the 45 mm embryo still has the shape 
of an extensive vertically placed lamella which does not extend as fer back as 
the organ of Jacobson does, The tral edge of ostertor end is however, 

15441 ton er on 1), P +] mhr } t 
i little stronger recurved laterally ase 1 » 28.5 mm embryo, bu 
an “‘outer bar” remains completely deficient. It will be recalled, however, that 


Broom (1915) described an ‘“‘outer bar” as present in a newly born specimen 


of Chrysochloris (Amblysomus) hottentotta, ; it is thus possible that this 


tructure may still appear during later de 

\ small and ill-defined cartilago ductus 
embryo. It makes its first appearance at 
enclosing the nasopalatine duct anterior! 


ct communication with the anteri 


cartilago palatin: 
ryonic stag 
capsule. In 
the superior secondary rect 
Similarly the lateral wall 
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the nasal capsule in the 45 mm embryo is rather limited. 
a medial mesethmoid ossification centre as yet, although 
fully developed at thi . The main ossification 
lateral pleurethmoid first appears {I mm embryo as a 
area in the ventral border of the anteriorly 


a 


ine 
perichondrally ossified 
spur of the first primary ethmoturbinal. {5 mm embryo this 


is much more extensive, ng the greater part 


spur and ventral lamella of the first primary ethmoturbinal. 
lition, the 45 mm embryo displays autogenous ossification centre in 
processus uncinatus of the crista semicircularis, while the maxilloturbinal 
1s Of slight perichondral ossification. The posterior paraseptal 


21 
the lamina transversalis posterior ossify from a separate centre, 


rin the 31 mm 


ly t part of the 1 f the cranial cavity is the tectum posterius 
imits the foramen magnum postero-dorsally. The tectum posterius is 
‘artilaginous rod which is composed of the fused supra- 


lagi 
it fuses with the exoccipital, and expands 


wing-like cartilaginous protection for the postero 


ntero-laterally directed wing of the 


the Golden Mole. Its extensive development is probably responsible 


supraoccipital is rather 


he poor development of the posterior part of the parietal plate and the 
iency of the occipito-parietal commissure. 

‘nt of the supraoccipital cartilages: 
‘artilage makes its first appearance as a slight chondri- 
mm embryo. At this stage it is already in sligth continuity 
end of the exoccipital cartilage. It bears a wide 


ge of thin procartilage. The tectum posterius is not quite 
the two supraoccipital cartilages being separated by a 
lal blastem. In the 27 mm embryo the supraoccipital is 
well chondrified, including the extensive anteriorly directed plate. The tectum 


the supra- and exoccipital 
| | 


posterius is also complete but the junction bet 


lages is still clearly defined by id of seemingly extremely 


Cal 


optimal changes 1 
supraoccipital ossification soon after the com- 
tectum posterius in cartilage. In t 28.5 mm embryo it is 
fairly extensive, although only perichond in nature < involves 


the entire tectum posterius. It was not possible, therefore, to determine 
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whether or not it arises from two ossification centres. Up to the 36 mm stag 
no trace of an interparietal could be found. In the 41 and 45 mm stages, how- 
ever, an extensive unpaired bony plate was found to roof the postero-dorsal 
part of the cavum cranii. This plate passes insensibly into the supraoccipital 
behind and postero-laterally it invades the upper edge of the anteriorly directed 
wing of the supraoccipital cartilage. Whether this plate represents an int 
parietal which is formed fairly late in ontogeny and which fuses with th 
supraoccipital again immediately after its formation could not be determined 
beyond any doubt. 

The 31 mm embryo shows an autogenous ossification centre in the postero- 
ventral border of the anteriorly directed plate of the supraoccipital cartilage, 
directly dorsal to its junction with the exoccipital cartilage. This centre expands 
rapidly forwards and upwards by the ossification of the mentioned anterior 
plate of the supraoccipital. It also expands forwards in membrane bone fashion 
thus covering over the upper part of the occipito-capsular fissure and over- 
lapping the pars canalicularis postero-dorsaly. In the 45 mm embryo this bony 
plate is already fairly extensive but at this stage it bears no direct relations 
with any of the neighbouring bony elements except for the parietal which 
meets it antero-dorsally; strands of supraoccipital cartilage still intervene 
between it and the supra- and exoccipital ossifications. In later development it 
fuses with the surrounding bony elements, i.e. with the parietal, squamosal, 
ex- and supraoccipitals and with the interparietal. 

This bony element was first described as the tabular in Chrysochloris by 
Broom (1916). He regarded it as homologous with the tabular found in the 
Theromorpha. Actually Lecne (1907) was the first person who described this 
element in Chrysochloris, referring to it as the pterotic. 

This element was known to be present in Phoca even before it was dis- 
covered in Chrysochloris. Its preformation in cartilage, belonging to the supra- 
occipital, in the Golden Mole is undoubtedly of great importance since this 


element has in the past been regarded as being a true membrane bone. 


IV. THE MEMBRANE BONES. 


l‘or a description of the membrane bones a 45 mm embryo 1.e 


embryonic stage at my disposal, has beet 


A. THE PREMAXILLA 
is well-developed with a large alveolar portion but a very short processus 
extranasalis. The palatine process is also well-defined and the posteriorly 


directed processus palatinus medialis (Processus prevomeralis) is strongly 


developed and markedly pneu- 
matic in its anterior part. 
It is closely related to both 
the maxilla and vomer but 
does not fuse with either 
of these elements at this 
stage. It has the shape of 

broad vertically placed la- 


mella which covers the grea 


face of the anterior para- 
cartilage ( fig. 54). ill 
ne adult WO 
lae fuse in the maddle line 
ind they also fuse com- 
1] 


pletely with the maxillae and 


Che premaxilla makes its 


first appearance in the 24 


g. 54. Transverse section through the nasal capsu mm embryo as a_munute 


mbrve he egion the ante 
splint Of bone which occupies 
iges 10) i 
the position of the future 
portion. In the 27 mm embryo the bone is fairly well developed but 


fused 


Was not 


greater part 
prominentia supraconchalis, prominentia inferior and prominentia 


terior. At this stage it 1s related to the premaxilla, nasal, frontal and lacrimal. 


! lly extending palatine 


alveOlar portion 18 Weli-developed as also nedia 


yrocess which is separated from its fellow on the opposite s1 le by a strand 
yf secondary cartilage. The most anterior media! end of the palatine process 


ixilla is surmounted by a small vertically placed bony lamella which 


helps the processus prevomeralis of the premaxilla to form the medial support 


for the anterior paraseptal cartilage. On its postero-lateral surface the maxilla 
gives rise to a stout backwardly directed zygomatic process. This process 


ictually arises by two roots: the upper root is the more slender and arises 


e maxilla, the lower root is stronger and arises 
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‘rom its alveolar portion. Between the two roots lies the infraorbital foramen 
for the transmissian of the infraorbital nerve. 

The zygomatic process is very long and forms a complete zygomatic arch 
is in the Monotremes. Posteriorly the zygomatic process of the maxilla widens 
out into a fairly thin but wide vertically placed lamella which, at this stage, 
bears no close relation to the squamosal. 


In its later development the maxilla becomes completely fused with 


side ; 1 
mosis with it. 

The maxilla makes its first appearance in the 24 mm embryo. A 

displays two definite centres of ossification: one in the base of the 
process i.e. just above the alveolar portion and another in the anterior 
of the future zygomatic process. These two centres of the maxilla remat 
separate until after the 28.5 mm stage when they fuse The most anterior 
centre forms the entire maxilla except for the zygomatic process. The 
posterior centre expands backwards to form the entire zygomatic arch; its 
anterior end splits to enclose the infraorbital foramen below and behind. The 
lower limb fuses with the postero-lateral tip of the alveolar portion of the 
maxilla in the 31 mm embryo. The slender upper limb expands into a flat 
bony plate on the lateral aspect of the ‘nasal capsule, and this plate, in the 
31 mm embryo, becomes fused with the frontal process of the maxilla. 

This development of the maxilla strongly suggests the presence of 


defined jugal which becomes fused with the maxilla at a relatively earl 


elopment. Up till now the presence of a jugal in the Golden Mole has 
I 


been denied by all investigators into the group (Broom 1916, LECHE 1907, 
GREGORY I910, CooPER 1928 and others). 

\ccording to GREGORY the zygomatic arch of the Chrysochloridae is entirely 
secondary. Being derived from an ancestral form that had already lost the 
primary arch the new arch in the Chrysochloridae, is formed by a secondary 
growth of the maxilla towards the squamosal. CooPER (1928) strongly supports 


this view of GREGORY. 


THE LACRIMAL BONE 


at this stage is a small flat table of bone closely applied to the upper border 
of the prominentia inferior. It lies postero-dorsal to the infraorbital foramina, 
between the inferior border of the frontal above, and the maxilla below. I 
is not pierced by the nasolacrimal duct which runs medially between the lacrimal 
bone and the maxilla. During its later development the lacrimal bone fuses 
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both with the frontal and with the maxilla, the lacrimal canal being retained 


between it and the maxilla. 


premaxilla, nasal, frontal, lacrimal, palatine and with its fellow on the opposite 
I5I 


and was observed for the first 


THE JUGAL (ZYGOMATICUM OR MALARE) 


as absent in the Golden Mole but, as in Echidna, the 
is still complete. In Ornithorhynchus, Manis and the Myrma- 


‘eported as rudimentary. In all the Insectivores 


and Macrocelidae the jugal is absent or rudimentary, with 
consequent poorly developed or deficient zygomatic arch. 


] 4 ~ 1 1 
[he development of the zygomatic arch in the Golden Mole however, sug 


presence of a well-defined jugal which becomes fused with the maxilla 


} 


embDrvo (see cle velopment of maxilla). 


PALATINE 


‘ge and well-developed. The lamina horizontalis meets its fellow from the 


the middle line, displaying nodules of secondary cartilage 


anterior boundary of the apertura nasalis 


forms a wide trough-shaped investment for the ventral 

lamina transversalis posterior. The medial wall of this trough 
ductus nasopharyngeus and meets the vomer 
tly overlapped by the palatine process of 


by the pterygoid. 
development the horizontal 
with its fellow fr 


with 


the first 
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“mined. 


THE VOMER 


ye which invests 1 lower surface of the 

r paraseptal cartilages to a point between 

the nasal capsules. Its anterior end 1s related to the 
4 


the premaxillae and a to the palatine processes 


‘tical laminae of the palatines 
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The lacrimal develops very late iE time in the 
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ne 
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surface of the 
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During later lamina of the palatine fuses with 

17 ] 1 1 1 
h maxilla and rine Opposite side, Dut 1t does not 
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sutures with these elements. 

The palatine was observed for [MM time in the 28.5 mm embryo. At 
this stage it was already fairly wel so that the exact position of its 
ossification centre could not be dete 
s an unpaired trough-sha 
nasal septum from between 
ine Cupuiae posteriores Ol 
processus prevomerales of 
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The lateral walls of the trough-shaped vomer are much thicker than its floor, 
being even pneumatic in parts; they invade the posterior paraseptal cartilages 
but do not affect the anterior paraseptal cartilages. The bottom of the vomer 
is very thin, compact and in parts deficient, resulting in the formation of 


several large foramina. 


Judging from its relations to the posterior paraseptal cartilage and lamina 


transversalis posterior one can surmise that in the adult the vomer 
inseparably fused with the ethmoid as is usually the case 

The vomer makes its first appearance in the 27 mm embryo as a minute 
splint of bone ventral to the nasal septum. As a rule the vomer in Mammals 
arises ontogenetically from two centres which fuse soon after their formation. 
In the 28.5 mm embryo the vomer is already trough-shaped but it does not 
invade the posterior paraseptal cartilages as yet. In the 31 mm stage, however, 
the vomer has begun its invasion of the extreme anterior tips of the posterior 


paraseptal cartilages. 


G. THE PTERYGOID 


is well developed consisting for the greater part of a flat slightly concave plate 
which lies ventral to the posterior part of the palatine, the orbitosphenoid and 
part of the alisphenoid. It forms part of the lateral wall of the nasopharyngeal 
canal. The long hamulus projects downwards and backward from the anterior 
ventro-medial end of the pterygoid to help support the soft palate. At this 
stage of development the bone is not fused to any other bones in its vicinity 
and does not invade the ala temporalis. 

In the 27 mm embryo only a dense cell concentration marks the position of 
the future pterygoid. This blastem rudiment is intimately related to the car- 
tilaginous pterygoid process of the ala temporalis. In the 28.5 mm embryo the 
pterygoid cartilage is well defined and forms the buik of the pterygoid at this 
stage. Only a small postero-laterally directed bony spur is present and_ this 
spur is in direct continuity with the pterygoid cartilage. 

] 


v in size, but in 


During its later development the pterygoid increases great 
the oldest embryonic stage of the Golden Mole investigated (45 mm), it 1s 
still completely separate from the alisphenoid and from the other neighbouring 


bony elements. 


H. THE NASAL 


is a well-defined bony plate which roofs the anterior part of the nasal capsule. 
It presents nothing of particular interest, save that in later development it fuses 


with its fellow in the median plane and also with the neighbouring bony ele- 


ments, i.e. With the frontal, maxilla and premaxilia. 
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he nasal was first observed in the 28.5 mm embryo where it was already 
rly ext nsively ossified. 
I. THE FRONTAL 
. ony plate of moderate HEBBEN like the nasal, presents nothing of 
particular imterest. At this stage of development it is still completely separate 
rom all the neighbouring bony element being related to: nasal, maxilla, la 
\long its dorso-lateral edge it is thick and strongly pneurr fy} an 
extensi frontal sinus. No postorbital process can be distinguished on_ thi 
front Dur ng le velopn ent frontal firs Ss with its fe the 
ypposite sid s well as with the parietal maxilla, lacrimal palatine and 
sphe oids 
The front i] ossif ‘atvon makes its first ippearancs n the 24 mm stage T 
U a | 1] litld upel I I 1} Nasa an 
to the base of the ala orbitalis 194 
THE PARIETAL 
s a thin but very extensive bony plate which roofs the greater ii7-Ti 
part of th ivum crani. It is related to the frontal, squamosal, i777! Hill 
nterparietal, fusing with all these elements during the later stages of devel 
ent 
It makes its first appearance in ontogeny as a thin bony plate lying dorso 
teral to the parietal plate in the 28.5 mm embryo. 
cy i developed Dut pe. Phe glenoid Ca \ 
of the dentary. A pi is absent. Above the iii’ 
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postero-ventrally directed process of the squamosal contributes to the forma 
ion of the posterior division of the osseous bulla. 

In front of the glenoid cavity the squamosal expands in a forward 
downward direction to meet the alisphenoid, thus contributing to the forma 
t1on of the floor and lateral wall of 4 large anterior portion of the osseous 
bulla. 

squamosal ossifies from 
mm embryo as a minute 


ead of the malleus. 


THE TYMPANIC (ECTOTYMPANI( 


at this stage of development forms about seven-eighths of 
deficiency directed upwards, sideways and backwards. Its relations 


prearticular and Meckel’s cartilage are as usual. During later development 


tympanic bone loses its C-shape and plavs an important part in the formati 
| pia} 


of the osseous bulla. 
It arises from a single centre which appears in the 28.5 mm embryo as 


tly bent, bony spur lying in front of the tympanic cavity. 


M. THE PREARTICULAR (GONITAL) 


Sterior 


is a well-defined bony plate which lies ventro-lateral and ventral to the 
extremity of Meckel’s cartilage (fig. 47). The anterior end of the prearticular 
is wide and forms a shallow trough investing the ventral surface of Meckel’s 
cartilage in this region. The medial wall of the trough extends backwards as 
a free pointed spur which lies ventro-medial to Meckel’s cartilage. This small 


spur occupies exactly the same position as the surangular described for 
sep: from 


Chrysochloris (Broom 1916) and (COOPER 1928), but it is nv parate 
the prearticular. The lateral wall of the trough extends backwards dorso 
‘al to Meckel’s cartilage. Its posterior 


end invades the neck of the malleus ventro-lateral to the attachment of 


medial to the tympanic and ventro-latet 


Meckel’s cartilage. 


The prearticular makes its first appearance in the 


has the form of a very tiny bony spicule ventro-lateral to the extreme tip ot 


Meckel’s cartilage. Its posterior end does not commence its invasion of the 


neck of the malleus until after the 36 mm stage. 


N. THE TABULAR AND INTERPARIETAL 


have been discussed in connection with the supraoccipital. 


to the 
S 
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SUMMARY. 


ts in the development of the chondrocranium and early 


of Eremitalpa granti (Broom) are noteworthy 


a. The central stem 


central stem is acutely flexed in the region of the dorsum sellae. 


fenestra hypophyseos or posterior basicranial fenestra is retained at 


1 stage of chondrification. 


basicochlear fissure is present and undivided. 


the basal plate is exceedingly compressed by the 


alicochlear commiussures 


defined a | » f a hypophyseos 1s deep. 


notochord is left at the stage of optimal chondrification of 


fenestra hypophyseos 1 literated ry early in ontogeny, 

‘ate “polar elements” can be distinguished in the development of 
hypophyseos. 

art of the notochord 1s 

part lies superficial 

of three unpaired 


forward and 


the material 


conspicuous tym 


“7 
al cart lades 


ipito-capsular fissur 
is inconspicuous. 


exoccipital could not 
capsule until very 


single centre. 


in continuity with 


steocraniu 
the opi na 
cochlear capsules. 
5. The i are deficient and not even preformed in 
70] 
VIaSLCITI, 
6. The dorsum sellae is well- 
ul pia 
8. The carotid foramina are very far laterally placed. 
9. The { 1 no 
the 
lO. Be for lded 
in the 
11. The Che 
basisphenoid extends relatively far MN the orbitosphenoids do 
not enter imtoo the formation of the axis. (The most anterior ossitication 
ntr uld not | letermined from SEE investigated 
CCTILI COU Lt CGC nves CE 
1. A single pair of hypoglossal foramina is present. 
2. The lamina alaris is merely closely applied to, but not fused with, the pars 
canalicularis of the otic capsule at its optimal stage of development. 
3. The superior and inferior oc es are confluent 
processus paTacomay Orde. 
cs. A separate chondrification centre for the be dis- 
tinowshed 
The lamis “th the late in 
) 1 hie | aliaT1S rus W ine lal 
deveiopi ent. 
7. The exoccipital ossifies from a ii 
/ 
8. The paracon lyloid process ossifics the exocciprtal. 
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c. Auditory capusule. 

1. The antero-ventral convergence of the two auditory capsules is pronounced. 
A posterior occipito-capsular commissure is absent. 

. The parietal plate is ill-defined. 

. The occipito-parietal commissure is deficient. 
A processus opercularis (IIscHER) is absent at the optimal stage of 
chondrification of the auditory capsule, but appears in later development. 
The tegmen tympani is short and blunt. 
The primary suprafacial (medial prefacial) commissure is well-defined, 
but the secondary suprafacial (lateral prefacial) commissure is absent. 
The fossa subarcuata superior interna is well-developed. 
The fossa subarcuata inferior interna is ill-defined. 
The pars cochlearis displays a well-defined sulcus for the internal carotid 
artery and deep petrosal nerve, but no sulcus septalis. 
A separate foramen for the lower nerve to the saccule and a separate 
foramen singulare are absent. 
The foramen endolymphaticum is a simple oval-shaped perforation in the 
dorso-medial wall of the prominentia cruris communis. 
The processus recessus and associated structures display rather primitive 
relations. 
The fissura metotica is undivided. 
The fenestra ovalis is extensive. 
The auditory capsule chondrifies from two main centres. 
The parietal plate chondrifies from an autogenous centre. 
The tegmen tympani increases markedy in size during later development. 
The auditory capsule ossifies from three main centres. 
No caudal or rostral entotympanics or caudal and rostral petrosal plates 
could be made out. 


The cartilago tubae auditivae is well-defined in later development. 


d. Ala temporalis. 
The ala temporalis is slender and rod-like and strongly inclined dorsally. 
It does not display any foramina for vessels or nerves. 
It is not connected with the cochlear capsule, due to the deficient alicoch- 
lear commissure. 
A pterygoid process is present but small. 
The ala temporalis chondrifies from an autogenous centre. 
The pterygoid process of the ala temporalis likewise chondrifies from a 
Separate centre. 
The alisphenoid ossifies from a single centre and the pterygoid bone does 
not invade the ala temporalis at any stage of its development. 


A processus tympanicus alisphenoidei is 
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a lla orbitalis 
sphenethmoidal and the orbito-parietal commissures are well- 


hypochiasmata is extensive and fused with the pars trabecularis. 
defined due to the absence of both pre- and 


hypochiasmata chondrifies from an autogenous centre which retains 
te identity for long. 
1 orbitalis also displays a separate chondrification centre. 


la 


post optic roots of the ala orbitalis never develop. 


membrane bone fashion. 


ire orbitosphenoid ossification eminates from the ala hypochias 


expands in 


f. Nasal capsule. 
capsule is short wide and built. 
capsule is subcerebral in position. 
and is more steeply inclined back- 


the absence of the cupulae 


a deep sulcus enters the cavum 


‘Ina—a foramen prt 


the fenestra na 


downwards. 


ye differe 
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1. The crista galli is fairly well defined. 
interiores of the nasal capsule. 
6. Lhe toramen epiphaniale is present. 
7 No lamina infraconchalis is defined. 
7 4 
Ss. A complete zona annularis 1s present. 
nasi through the posterior end 
10. A tenestra superior nasi 1s present 
1. The fenestra naris is extensive and faces forwards and Zi! 
12. The small nasal cartilages round the fenestra naris becdiiilii///'/'/'/bntiated 
fairly late in ontogeny. 
[2 \ processus Cupularis, O nplex nature, develops. 
14. A processus alaris superior also makes its appearance in later development 
15. [he lamina transversalis posterior 1s well-detined. 
1 ¢ he posterior paraseptal cartilage is present and is surmounted by a flange 
t thin cartiiage, ¢ Sel) applied to the tatera aspect Ol the nasal s ptu Nn. 
lhe nter r parasental cartilace is of Ver\ prin itive con positio1 and 
Ly 1 I ul ag a i 1\ Il} 
n “outer bar” was found to be absent. 
18. The turbinal cartilages in the pars posterior and pars intermedia of the 
nas ipsuie are aimoOst verlicaliy placed. 
— 1 1 ] 4 4 117001 
19. The crista semicircularis bears a short processus uncinatus. 
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An incisura maxillo-atrioturbinalis is absent and consequently the maxillo 
turbinalis is continued anteriorly into the atrioturbinal. 

The nasal septum displays no deficiencies. 

In late embryonic stages the nasolacrimal duct is found to pierce thi 
anterior tip of the atrioturbinal before entering the cavum nasi. 

In older embryonic stages the deep sulcus for the nasolacrimal duct in 
the region of the zona annularis is partly transformed into a canal. 

The glandula nasalis lateralis is of enormous size in the oldest embryonic 
stages investigated. 

In the later embryonic stages investigated three secondary ethmoturbinals 
were found to be present and the second primary ethmoturbinal was found 
to be bilaminate in addition to the first. 

A small cartilago ductus nasopatini is present in late ontogeny but i 
remains separate from the anterior paraseptal cartilage. 

The anterior paraseptal cartilage chondrifies from an autogenous centre. 
A well-defined antorbital chondrification centre could be distinguished in 
the nasal capsule. 

The main pleurethmoidal ossification centre makes its appearance in the 
anteriorly directed spur of the first primary ethmoturbinal. 

The maxilloturbinal and the processus uncinatus display autogenous oss1- 
fication centres. 

The lamina transversalis posterior and posterior paraseptal cartilage are 


invaded by the vomer relatively early in development 


g. Supraoccipital cartilage. 


The supraoccipital cartilage bears a very large anteriorly directe 

tilaginous wing. 

The tectum posterius chondrifies from two definite supraoccipital 
one on each side. 

The anteriorly directe: Wing OT Lilt ITAOCE pital mot 

a separate centre. 

ihe anterior wing of the supraoccipital displays, 1n 

opment, an autogenous ossification centre which gives 

‘tabular’’. 


meparate ossification centres ior t nterparietal 


h. viemorane DONCS 


The premaxilla displays a well-defined processus prevomeralis which, how 


ever, has no separate ontogenetic 
In the adult golden mole the premaxillae are fused 


with neighbouring bony elements. 


20. 
Gis 
23. 
ai. 
25. 
20. 
y 
) 
26. 
20). 
) 
2] 
I. 1 car 
2. rentres 
> fron 
devel 
~ uld not be made out 
5. not De LU ) 
with each other and 
159 


n later development, fuses with its fellow from the opposite 
ith all the adjoining bony elements. 


The 
plet 


very long zygomatic process of the maxilla, which forms the com- 


e zygomatic arch, ossifies from a separate centre. It seems to imply 
hat this process actually represents the missing jugal. 
The lacri 


imal bone is present but 
It fuses later 


it is not pierced by the lacrimal canal. 
on with neighbouring bony elements. 


The n later development, 


palatanes each other and with the 
maxillae only. 
The 


vomer arises from an unpaired median centre and in later life becomes 

inseparably fused with the ethmoid, It does not invade the anterior para- 
cartilages. 

vgoid, in its 

lays 1 
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a single centre and 
artilage. the latest stage investigated 
was found to be still completely separate from all other bony elements, 
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genetic separation of the Golden Moles and the Centetidae. Also Broom (1916) 
arrives at the final conclusion that the Centetidae and the Golden Moles are 
no near allies; the Centetidae being typical primitive Insectivores and the Gol- 
den Moles belonging to an entirely different Order. 

Setifer setosus dealt with in this present paper was first described from 
Madagascar by SCHREBER (1777) as Erinaceus setosus. The generic name was 
changed by FRoriEp (1806) to Setifer, with Erinaceus setosus (SCHREB.) as 


genotype. Various synonyms for this species has been subsequently employed 


and for an account of these the reader is referred to the “Checklist of African 
Mammals” by ALLEN (1939). 

Another species frequently mentioned in the present paper and from which 
one embryo has been sectioned is Echinops telfairi telfairi Martin. The genus 
Echinops was established by Martin (1838) with Echinops telfairi from 
Madagascar as genotype. 

l‘or an account of the synonyms subsequently employed by various authors 
the reader is likewise referred to the work of ALLEN (1939). 

Acknowledgments: 1 wish to express my sincere thanks to Dr. R. H. Gorrz 
of the Department of Surgery, University of Cape Town, who kindly supplied 


me with all the embryonic material used for this part of my investigation. 


Il. MATERIAL AND TECHNIQUE. 


The embryonic material of both Setifer setosus and Echinops telfairi, as 
well as that of Tenrec ecaudatus, used for this present investigation has been 
collected from Madagascar in 1937. The embryos were fixed in alcohol. The 
heads of the older stages were decalcified in Ebner’s solution, neutralized, 
dehydrated and embedded in paraffin wax. Transverse serial sections were 
cut at a thickness varying from 10 u, in the younger, to 15 « in the older 
embryonic stages. The sections were stained on the slides with Hansen’s 
haematoxylin and eosin. 

The crown-rump measurements of the embryos investigated were as follows: 

Setifer setosus: 9 mm; 9.3 mm; 9.8 mm; 10.5 mm; 20.2 mm; 20.4 mm and 
17.4 mm. 

Echinops telfairi: 29.4 mm. 

Tenrec ecuadatus: 39.2 mm. 

The head of the 20.2 mm embryo of Setifer setosus, being at about its 
optimal stage of chondrification, was sectioned longitudinally and the median 
sagittal section of this series gave an accurate outline of the curvature of the 
central stem. This was employed as base-line for the lateral view reconstruc 


tion of the chondrocranium of the 20.4 mm embryo. 
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THE CHONDROCRANIUM. 


l‘or discriptive purposes the chondrocranium will be divided into the follow- 
ing parts: A, the central stem; B, its appendages; C, lateral structures; D, the 


commissures interconnecting these and E, the dorsal structures. This method 


of description was devised by Fawcett (1917) and has been widely adopted 


by other authors since then. 


A. THE CENTRAL STEM. 


At its optimal stage of chondrification the central stem in Setifer forms a 
continuous cartilaginous structure the various regions of which merge into 
each other. 

As in Centetes (LEIMGRUBER 1939) and most of the other Insectivores the 
central stem is almost straight displaying only a very slight ventral concavity. 
Opposite the hind end of the inconspicuous dorsum sellae the central stem 

‘ars a slight ventral convexity. 

The planum basale (figs. 55 56), having the usual triangular shape common 
to Mammals, is fairly thick throughout and at this stage of development shows 
no trace of the chorda dorsalis. Its extensive base forms the anterior margin 
of the foramen magnum and merges into the pila occipitalia laterally with a 
single pair of hypoglossal foramina as landmarks. 

The apical portion of the basal plate is thicker than the rest and also much 
narrower, but it is not nearly as constricted as the corresponding part of the 
basal plate in Tupaia (HENCKEL 1928), Elephantulus and Eremitalpa (Author). 

A fairly extensive jugular foramen and basicochlear fissure separates the 
middle and apical portions of the basal plate from the cochlear capsule. The 
basicochlear fissure is markedly convex laterally. Peculiar is the absence of a 
true posterior basicochlear commissure. In this region the lateral margin of 
the basal plate is closely applied to the cochlear capsule but a narrow strand 
of connective tissue intervenes so that no cartilaginous continuity is established 
between these structures; the basicochlear fissure would thus be confluent 
with the jugular foramen but for this intervening connective tissue. 

The lamina hypophyseos (Pars trabecularis of Fawcett and lamina polaris 

authors), in Setifer, has the shape of a wide transversely placed 

‘tangle (figs. 55, 56). It lies medial to the carotid foramina and is much 
wider than the apical portion of the planum basale with which it is blended. 
In its anterior mid-dorsal aspect the lamina hypophyseos displays a shallow 
groove, indicating the position of the fenestra hypophyseos, which, however, 
is completely obliterated at this stage. From the antero-lateral border of the 


lamina hypophyseos the processus alaris arises and connects this plate with 
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the anterior end of the alicochlear commissure and with the basal end of the 
ala temporalis. The alicochlear commissure is complete. The entire absence of 
an anterior basicochlear commissure (Posterior trabeculocochlear commissure 
of IawcetrT), results in a confluency of the carotid foramen and basicochlear 
fissure. 

As m most Insectivores the fossa hypophyseos is barely visible due to the 
absence of the tuberculum sellae and the very poor development of the dorsum 
sellae. 

The trabecular plate (Pars Interorbitonasalis of Fawcett) has the shape 
of a stout rod in its posterior part. It is fused with the lamina hypophyseos 
behind, and in this region is slightly flattened dorso-ventrally, but as it enters 
the intra-narial region it becomes compressed laterally to form the nasal 
septum. This part of the trabecular plate will be described in detail with the 
nasal capsule. 

The common stem for the pre- and post optic roots of the ala orbitalis 
springs from the lateral border of the posterior part of the trabecular plate. 

1. Early development of the Central Stem: The central 
stem is still entirely blastematous in the g mm embryo. At this stage the 
blastematous pars trabecularis is separated from the lamina hypophyseos by a 
fairly wide strand of undifferentiated mesenchyme. The lamina hypophyseos 
is a continuous blastem plate which shows no signs of either “polar elements” 
or a fenestra hypophyseos. The future processus alaris is poorly defined in 
blastem and communicates with the blastematous ala temporalis. Posteriorly 
the lamina hypophyseos ends dorsal to the anterior end of the blastematous 
planum basale. 

The planum basale is well-defined in blastem and separated from the audi- 
tory capsule by a clearly distinguishable basicapsular fissure. Postero-laterally 
it is in strong blastematous continuity witht the blastem centres of the 
exoccipitals. 

In the 9.3 mm embryo the pars trabecularis is slightly chondrified in its 
greater part only the anterior tip being still blastematous. At this stage it is 
still demarcated from the slightly chondrified lamina hypophyseos by a strand 
of dense blastem; actual cartilaginous continuity between the pars trabecularis 
and lamina hypophyseos is not established until after the 9.8 mm stage. In the 
9.3 mm embryo the pars trabecularis is joined laterally by a procartilaginous 
pre- and a blastematous post-optic root of the ala orbitalis. Both these roots 
are in cartilaginous continuity with the pars trabecularis in the 9.8 mm 
embryo. 

The lamina hypophyseos forms a continuous, slightly chondrified plate im 
the 9.3 mm embryo. Posteriorly it is in slight cartilaginous continuity with the 
planum basale. Both the processus alaris and the alicochlear commissure are 


still densely blastematous at this stage. 
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Fig. 55. Dorsal view reconstruction of the chondrocranium of a 20.4 mm embryo of 
S. setosus, indicating the position of ossification centres present, and the relations of 
a few important nerves and vessels (X 15) 
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Fig. 56. Ventral view reconstruction of the chondrocranium of a 20.4 mm embryo of 
S. setosus, indicating also the position of ossification centres and the relations of som« 
vessels and nerves (X 15). 
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the g.8 mm embryo the processus alaris is slightly chondrified as is also 
ihe anterior end of the alicochlear commissure, its posterior end being: still 
blastematous. Both the processus alaris and the alicochlear commissure, there- 
chondrify in continuity with the lamina hypophyseos. In the 10.5 mm 
‘artilaginous continuity is established between the pars trabecularis and 
the lamina hypophyseos; the alicochlear commissure is complete. Noteworthy 
is the very early obliteration of the fenestra hypophyseos as in the Golden 
Mole and [lephantulus. 
The planum basale is already slightly chondrified in the 9.3 mm embryo 
fairl chondrified in the 9.8 mm embryo. In these stages it displays 
in elongated posterior basicranial fenestra which divides the basal plate into 
two parachordal plates, joined only at their anterior and posterior extremities. 
This fenestra is completely obliterated in the 10.5 mm embryo. At this stage 
well-defined, but still procartilaginous, anterior absicochlear commissure 1s 
present, the posterior commissure being still deficient. Cartilaginous continuity 
between the planum basale and exoccipital is established at a very early stage, 
defined in the 9.3 mm embryo. 
notochord in the g mm embryo lies dorsal to the blastematous planum 
ile but its recurved anterior end pierces the extreme posterior tip of the 
blastematous lamina hypophyseos. When the basal plate chondrifies the 
notochord remains dorsal to it. In the 10.5 mm embryo it 1s complete and lies 
superficial (dorsal) to the planum basale in its entire extent. This retro- 
basilar type of notochord (Tourneux) is the most primitive, according to 
MatTTHES (1923) and is found in the Monotremes (GAuPP 1908, DE BEER 
and FrLt 1936) as well as in Mus and Xerus (lawceTr 1923) and Suncus 
(Author). 
Post-optimal changes in the (¢ 


mm embryo the planum basale already shows a fairly extensive but 


very slight perichondral ossification which represents the beginning of th 


This bone thus develops from a single centre in the planum basale 


the foramen magnum. In the oldest embryonic stage investigated 
the basioccipital is well ossified, and contributes to 
iterior and ventral tip of the occipital condyle. At this stage 
ilage from the exoccipitals and from the basisphenoid. 
embryo also displays a fairly well developed basisphenoid in 
the lamina hypophyseos. Although only perichondral in nature 
f a small tympanic wings directed downwards and laterally 


ing the basicochlear fissure ventrally in the position of the deft 


basicochlear commissure (fig. 56). Already at this early stage 
the anterior margin of the processus tympanicus basisphenoidei 
the posterior tip of the pterygoid. During later development th 


fuses with the alisphenoid as is already the case in the 47.4 mm 
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CRANIAL DEVELOPMENT OF ETHIOPIAN “INSECTIVORES” 
embryo. Its tympanic wings also increase greatly in size, extending over the 
entire length of the ventro-lateral margin of the basisphenoid and meeting the 
tympanic ring laterally. 


WEBER (1928) regards the presence of a processus tympanicus  basi- 
sphenoidii as characteristic of the Insectivores. It has also been described in 


Macroscelides (VAN DER KLAAuW 1929, KEEN and GROBBELAAR 1941) and 
in the Golden Mole (Author). 

The presphenoidal region of the pars trabecularis is not yet ossified in the 
17-4 mm stage but is already slightly encroached upon by the orbitosphenoids. 

A mesethmoid ossification centre could be clearly distinguished in the 47.4 
mm embryo but it will be discussed in more detail with the nasal capsule. 

A 29.4 mm embryo of Echinops telfairi which was also sectioned showed a 
basioccipital and basisphenoid not at all unlike those described for Setifer 
setosus but a separate mesethmoid ossification centre could not be made out 


in this stage. 


LATERAL STRUCTURES APPENDED TO THE CENTRAL 
STEM. 


These include the exoccipital cartilages (pilae occipitales), the auditory 
capsules, the alae temporales, the alae orbitales and the nasal capsules. (The 
foramina between these structures and the central stem will be discussed with 
the structure concerned. ) 

1. The exoccipital cartilages (figs. 56, 59, 60) are massive. 
ach one is fused below with the basal angle of the planum basale. The hypo- 

sal foramen, which indicates the site of union, lies medial to the posterior 
| of the jugular foramen as in Tupaia (HENCKEL 1928), Erinaceus (Faw- 
‘ETT 1918) and Primates. 

Antero-ventrally the processus alaris of the exoccipital is in weak syn- 
chondrotic continuity with the ventro-lateral aspect of the pars canalicular 
posterior to the jugular foramen. The processus paracondyloideus is massive 
and ends behind in a blind pointed extremity. 

The recessus supra-alaris, which lodges the terminal part of tl 
sinus, is wide and separates the pars canalicularis from the bulk of the ex 
occipital. Posteriorly the recessus supra-alaris 1s continued into the lower end 
of the occipito-capsular fissure. A posterior occipito-capsular commissure 
which, when present, joins the cupula posterior of the pars canalicularis to 
the exoccipital cartilage is absent; the fissura occipito-capsularis superior 
(fissura capsulo-parietalis or foramen jugulare spurium) and the fissura 


occipito-capsularis inferior (posterior) are therefore confluent. 


Antero-superiorly the exoccipital cartilage merges insensibly into the parietal 


plate, while postero-superiorly 1 fused with the supraoccipital. This latter 
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Consecutive transverse sections through the auditory capsule of a 20.4 mm 
embryo of S. setosus (X 17.5) 


line of fusion, however, can be easily detected even at this relatively advanced 
stage of development, since its position is indicated by a strand of very much 
flattened and compressed cartilage cells. The exoccipital cartilage bounds the 
foramen magnum laterally and forms the greater part of the large and well- 
defined occipital condyle. 

a. Early development of the exoccipital cartilage: In the 9 mm embryo the 
is densely blastematous and in strong continuity with the planum 
the 9.3 mm embryo it is well-defined in young cartilage and is 

in cartilaginous continuity with the slightly chondrified planum basale. 


aulogenou centre of develo ment for the eXoccl ital could therefore no. 
} 


ye made out, neither in blastem nor in cartilage. The blastem rudiment of the 


supraoccipital is still separate from the exoccipital in the 9.3 mm embryo. 


are separate in the 9.8 mm stage, and only in the 
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Consecutive transverse sections through the posterior part of the auditory 
capsule of a 20.4 mm embryo of S. setosus (X 17.5). 


10.5 mm embryo is cartilaginous continuity established between the ex- and 
supraoccipitals. The lamina alaris and the paracondyloid process of the ex- 
occipital are the last portions to develop. In the 10.5 mm embryo the con- 
nections of the lamina alaris to the pars canalicularis are still blastematous, 
while the paracondyloid process is hardly developed. 

b. Post-optimal changes in the exoccipital cartilage: The 20.4 mm embryo 
displays a fairly extensive perichondrally ossified exoccipital cartilage. In 
the 47.4 mm embryo this ossification involves the greater part of the exoccipital 
cartilage excluding only the tip of the paracondyloid process and narrow 
strands of cartilage intervening between it and the basi- and supraoccipital 
ossifications. The exoccipital forms by far the greater part of the occipita 


condyle, and at this stage the hypoglossal canal is only partly enclosed in it. 
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Fig. 60. Medial view reconstruction of the otic and occipital regions of the chondrocraniun 
of a 20.4 mm embryo of S. setosus (X 


22.5). 


2. The Auditor hs OF: psu le ( figs. 55 60) can be divided into the 
pars canalicularis (pars posterior), which lodges the utricle and the semi 
circular canals and the pars cochlearis (pars anterior), which lodges the saccul 
and the ductus cochlearis. 

The auditory capsule of Setifer is markedly quadrilateral in shape, the pars 
canalicularis being highly elevated above the plane of the planum basale. Thi 
long axis of the auditory capsule is directed forwards, downwards and 
medially so that the two cochlear capsules converge and constrict the anterior 
part of the planum basale; not to the same extent, however, as in Tupaia, 
lephantulus and Eremitalpa. A relatively small portion of the cochlear cap 
sule projects downwards below the plane of the planum basale. 

Most of the connections of the auditory capsule to neighbouring parts of 
the chondrocranium have already been mentioned. They are as follows: thi 
pars cochlearis is attached to the central stem only indirectly by means of the 
alicochlear commissure, since both the anterior and posterior basicochlear com 
missures are deficient. The ventro-lateral aspect of the pars canalicularis is in 
weak synchondrotic continuity with the lamina alaris of the exoccipital cartt 
age and for the rest its antero-dorsal aspect is joined to the parietal plate by 
the anterior capsulo-parietal commissure 


The parietal plate is strongly developed. It 1s sagittally placed with 
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dorso-medial inclination and a pronounced medially-facing concavity. Anteriorly 
it is attached to the ala orbitalis by the orbito-parietal commissure, posteriorly 
it communicates with the occipital cartilages through the occipito-parietal com- 
missure and ventrally it attaches to the antero-dorsal aspect of the pars canaili- 
cularis by the anterior capsulo-parietal commissure. The lateral jugular vein 


runs backwards medial to this latter commissure. 


The processus opercularis as absent. 
t 


The tegmen tympani is absent, but its position is indicated by an extremely 
slight, rounded, anterior thickening of the crista parotica. 

The crista parotica is massive. The upper end of the tympano-hyale attaches 
to its ventral border anterior to the primary stylomastoid foramen. At its 
attachment to the crista parotica the tympano-hyale displays a deep posterior 
incisure for the facial nerve and a slight anterior incisure for the chorda 
tympani nerve. Behind the attachment of the tympano-hyale the crista parotica 
is continued as a massive ridge dorso-lateral to the well-defined sulcus musculli 
stapedii. 

The pars canalicularis of the auditory capsule is roughly quadrilateral in 
shape. Its medial surface is peculiar in that the semicircular canals hardly 
stand out in relief; as a consequence the fossa subarcuata superior interna, 
although noticeable, is not well defined, while a fossa subarcuata inferior 
(posterior) interna can hardly be distinguished. The prominentia utriculo- 
ampullaris posterior (inferior), however, stands out in bold relief. 

From the antero-medial end of the pars canalicularis the strongly developed 
suprafacial commissure arches forwards, downwards and medialwards to the 
anterior dorso-lateral aspect of the cochlear capsule, thus enclosing the primary 
facial foramen. Antero-lateral to the suprafacial commissure hes a small but 
well-defined cavum supracochleare (hiatus spurius) which lodges the bulk 
of the geniculate ganglion. Laterally this cavity is bordered by an anteriorly 
directed cartilaginous spur which springs from the antero-dorsal aspect of the 
pars canalicularis and the anterior end of which is closely applied to a faint 
ridge on the antero-lateral aspect of the cochlear capsule. This spur bridges 
over the foramen faciale secundarium through which the bulk of the facial 
nerve leaves the cavum supracochleare to enter the sulcus facialis. 

The lateral surface of the pars canalicularis is for the greater part uniformly 
convex, there being rather a prominentia than a fossa subarcuata superior 
externa. As a result of this and of the poor development of fossae on the 
medial surface of the pars canalicularis the cartilage interposed between the 
semicircular canals would have been massive had it not been for a secondary 
hollowing-out of the pars canalicularis. A fairly extensive but highly irregularly 
shaped cavity occupies the bulk of the massa angularis and intervenes be- 
tween the anterior and posterior semicircular canals. This cavity does not 
communicate with the cavum cranii but communicates with the exterior by 
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means of a couple of irregularly-shaped openings on the lateral surface of 
the pars canalicularis. 

‘he pars cochlearis can be divided for descriptive purposes into a vestibular 
segment containing the saccule and a cochlear segment which contains the 
cochlear duct. The vestibular segment is interposed between the pars can- 
alicularis and the cochlear capsule. Laterally the sulcus facialis and the sulcus 
musculi stapedii delimit it from the pars canalicularis. Medially there are hardly 
any recogmsable landmarks demarcating it from the adjoining parts of the 
auditory capsule. 

The cochlear segment ends in front in the cupula anterior which is situated 
behind the carotid foramen. Its dorsal intra-cranial surface is smooth and 
convex. Its ventral and ventro-lateral extra-cranial surfaces are more pro- 
nounced convex, displaying a well defined sulcus septalis ventro-medially and 
an equally well-defined sulcus for the internal carotid artery and deep petrosal 
nerve ventro-laterally. 

a. Foramina in the wall of the auditory capsule: The meatus auditorius 
internus, lying in the dorso-medial wall of the vestibular segment, leads into 
the primary facial foramen anteriorly. Laterally it leads into the foramen 
acusticum superius, which transmits branches of the auditory nerve to the 
utricle, ampullae of the anterior and lateral semicircular canals and to part of 
the saccule. Postero-medially it leads into the foramen acusticum inferius which 
transmits branches of the auditory nerve to the cochlea, part of the saccule 
and to the ampulla of the posterior semicircular canal, the latter nerve fibres 
being enclosed in a separate foramen singulare; no separate foramen for the 
lower nerve to the saccule is isolated. 

The foramen endolymphaticum is a simple, oval-shaped foramen in the 
medial wall of the prominentia cruris communis relatively far back and near 
its termination. 

The processus recessus in Setifer displays primitive relations. It projects 
backwards as a continuation of the floor of the pars cochlearis but it ends 
freely behind not being fused to the floor of the posterior part of the pars 
canalicularis as is usually the case in Mammals. 

The processus recessus is not slender and rod-like as in the mouse (DE BEER) 
but has the shape of a wide plate, tapering backwards and slightly concave 
above, it rests on, but is not fused with, the lateral edge of the planum basale. 

A somewhat similar condition has been reported to obtain in the cat (TERRY 
1917 and pE BEER 1929). As a result, the recessus scalae tympani is still 
partly extracapsular in Setifer and neither its apertura lateralis (fenestra 
rotunda) nor its apertura medialis is completely isolated. Where the processus 
recessus ends behind, the apertura medialis of the recessus scalae tympani 1s 


confluent with the jugular foramen. The foramen perilymphaticum through 
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which the ductus perilymphaticus enters the recessus scalae tympani, displays 
the normal relations characteristic for Mammals. 

The fenestra ovalis, apart from its being exceptionally small, displays nor- 

Mammalian relations. 

b. The interior of the Auditory Capsule: As is always the case in Mammals 
the cavum vestibulare, lying between the cavum canaliculare and cavum coch- 
leare, communicates freely with the anterior part of the cavum canaliculare 
lorso-laterally. The anterior part of the cavum vestibulare is completely 
separated from the cavum cochleare by the basal portion of the septum spirale, 
which is fused to the ventral aspect of the crista falciformis. 

The septum spirale is well developed and its attachment to the cochlear cap- 
sule results in the formation of the well-defined sulcus septalis externally. 

The posterior portion of the cavum vestibulare is only partly delimited 
from the cavum cochleare by the well-defined ridge running along the ventro- 
lateral side of the dorso-medial wall of the pars cochlearis, from behind the 
foramen acusticum inferius to the antero-medial end of the posterior border 
of the foramen perilymphaticum. 

The nerve to the ampulla of the posterior semicircular canal, which enters 
the auditory capsule through the foramen singulare, runs backwards lateral 
to this ridge, contained in a deep groove and in parts in a tunnel in this ridge. 
Somewhat similar relations have been described for Elephantulus (Author). 

The posterior portion of the cavum cochleare becomes the cavum perilym- 
phaticum and recessus scalae tympani. 

Whereas the anterior part of the cavum canaliculare lacks a floor and com- 
municates freely with the cavum vestibulare, as it has already been described, 
its posterior part has a complete floor which roofs the recessus scalae tympani 
and the free anterior edge of which forms the true posterior delimitation of 
the foramen perilymphaticum. 

c. Early development af the auditory capsule: The auditory capsule is entirely 
blastematous in the 9 mm embryo, but displays two definite blastem concentra- 
tions: one in the pars cochlearis and another in the pars canalicularis—the 

tibularis being more poorly defined in blastem. 


1m embryo the auditory capsule is still densely blastematous, 


it is slightly chondrified in the pars cochlearis and 


zone between these centres, i.e. the walls of 

the pars vestibularis, being still to a large extent densely blastematous or 

ightiy procartilaginous in parts. In the 10.5 mm stage the entire auditory 

is more or less chondrified, except for the dorsomedial wall of the 
vestibulare, including the crista falciformis. 

ling the connections of the auditory capsule to neighbouring parts of 

chondrocranium, the alicochlear commissure is completely chondrified in 


embryo, the anterior basicochlear commissure still pro- 
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cartilaginous at this stage, being entire deficient again in the 20.4 mm embryo; 


the posterior basicochlear commissure is deficient in the 10.5 mm stage, this 


being still the case in the 20.4 mm embryo; the connection between pars 


canalicularis and lamina alaris of the exoccipital does not chondrify until some 
time after the 10.5 mm stage, being only slightly chondrified in the 20.4 mm 
embryo. 

The parietal plate in the 9.3 mm embryo is densely procartilaginous but its 
connections with the auditory capsule and the ala orbitalis are still blastematous 
at this stage, while the occipito-parietal commissure is still completely deficient. 

In the 9.8 mm embryo the parietal plate is slightly chondrified and in car- 
tilaginous continuity with the auditory capsule. Cartilaginous continuity be- 
tween it and the ala orbitalis and supraoccipital, however, is not established 
until in the 10.5 mm stage and even then the occipito-parietal commissure is 
only extremely slender. 

The primary facial foramen is well defined in cartilage in the 10.5 mm 
embryo, but the secondary facial foramen is non existent. 

Contrary to the usual procedure, the poorly developed processus recessus 
develops rather early in ontogeny, being already present and slightly chordri- 
fied in the 9.8 mm embryo. 

d. Post optimal changes in the auditory capsule: These changes could not 
be traced in any detail due to the lack of suitable embryonic stages, therefore 
only the changes noticed in a 47.4 mm embryo will be discussed. 

The 47.4 mm embryo displayed a complete foramen faciale secundarium for 
the exit of the facial nerve from the cavum supracochleare. 

The processus recessus has still the shape of a thick plate tapering to a 
blind end behind, but in addition, a slender cartilaginous spur is found in 
this stage, extending backwards and medially from the lower lateral surface 
of the pars canalicularis in front to the postero-lateral edge of the processus 
recessus behind. This cartilage spur isolates a fenestra rotunda laterally but 
does not render the recessus scalae tympani intracapsular as yet; neither does 
it delimit the apertura medialis of the recessus scalae tympani from the 
extensive foramen jugulare, so that the fissura metotica still retains its pri- 
mitive undivided form. 

At this stage the auditory capsule displays three more or less welldefined 
ossification centres. The one centre occupies the antero-lateral part of the 
vestibular segment and pars canalicularis, involving the whole area round the 
cavum supracochleare, the roof of the fossa incudis and anterior end of the 
fenestra ovalis. 

Another extensive centre occupies the postero-medial part of the cochlear 
capsule, involving the processus recessus, the area round the apertura medialis 
of the recessus scalae tympani and the roof of the cochlear capsule postero- 
medial to the foramen acusticum inferius. This ossification centre is already 
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partly blended with another in the postero-medial wall of the pars canalicularis, 
where it involves the prominentia utriculo-ampullaris posterior (inferior) and 
the prominentia cruris communis. 

A 29.4 mm embryo of Echinops telfairi also showed these three ossification 
centres well defined, and they appear to be more or less characteristic of 


Mammals, having been found also in Suncus, Elephantulus and Eremitalpa 
(Author). 


No rostral or caudal entotympanics or rostral or caudal petrosal tympanic 
plates were found in S 


3. The ala temporalis (figs. 55, 56 and 59) in Setifer is a 
fairly extensive plate, roughly quadrilateral in shape and lying at an angle 
of about 40° to the horizontal plane. It is joined to the extreme antero-latera! 

of the lamina hypophyseos by the processus alaris and to the cupula 
ior Of the cochlear capsule by the alicochlear commissure. Its so-called 
intero-lateral process which, in Mammals, is often pierced by the mandibular 

‘rve, 1s an extensive plate the anterior end of which extends as far forwards 

la orbitalis. In its postero-lateral aspect this plate displays a deep 

ovalis which transmits the mandibular nerve. A similar incisura, 

f a foramen ovalis, has been described for Tupaia (HENCKEL 1928) 

in Elephantulus (Author). At about its centre the ala temporalis is pierced 

by the foramen alisphenoidale which transmits the infraorbital artery. Similar 

conditions have been reported for: Ornithorhynchus (Watson 1916, DE BEER 
‘ELL 1936), ox (ARNOLD 1928) and Elephantulus (Author). 

[he pterygoid process (anterior process of FAwcetT) of the ala temporalis 


lirected antero-medially. It is fairly broad, but short, and it bears no 


relations either with the pterygoid cartilage or with the pterygoid 
etween the pterygoid process and the antero-lateral process the antero- 
of the ala temporalis displays a wide and shallow notch which 

maxillary division of the trigeminal nerve. 
Early development of the ala temporalis: The ala temporalis in the 9 mm 
embryo is represented by a local blastem centre, which, in the 9.3 mm embryo 
is still unchondrified but in strong blastematous continuity with the lamina 


h 
il 


ypophyseos by means of a densely blastematous processus alaris. The 10.5 mm 


embryo presents a local chondrification centre in the ala temporalis, which, 


separated from the central stem by a strand of procartilage 
the ala temporalis. No separate chondrification or blastem 

‘ntre could be made out for the pterygoid process of the ala temporalis. 

b. Post optimal changes in the ala temporalis: As usual, the ala temporalis 
ossifies to form the alisphenoid of the adult skull. The exact position of this 
ossification centre and the stage at which it first appears could not be deter- 
mined for the lack of embryonic material. 


In the 47.4 mm embryo the alisphenoid was found to be extensively ossi- 
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Fig, 61 A—D. Consecutive transverse sections through the posterior sphenoidal region 
of the head of a 20.4 mm embryo of S. setosus (X 30). 
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fied. It involves the entire an- 
terior and lateral parts of the ala 
temporalis leaving only the small 
postero-medial basal end of the 
ala temporalis cartilaginous ; even 
this cartilaginous portion is 
slightly perichondrally ossified 
so that, already at this stage, the 
alisphenoid and basisphenoid 
ossifications are fused. Further- 
more, the posterior end of the 
pterygoid is fused with the alli- 
sphenoid near its basal end in the 
17.4 mm embryo. The ali- 
sphenoid ossification at this 
stage is prerced by two foramina: 
one, the alisphenoid canal, trans- 
mits the infraorbital artery while 
the other, the foramen ovale, 
transmits the mandibular nerve. 
The alisphenoid is related to 
the palatine: pterygoid, orbito- 
sphenoid, parietal, squamosal, 
tympanic and basisphenoid. 

The ala orbitalis 


ss 56, so, 62) in Setifer 


palalt. \_/ 
~ 
splg 


is rather slender and rodlike if 
compared with the majority of 
other Mammals investigated. It 
forms the ventro-lateral pro- 
tection for the anterior part of 
the brain and its upper anterior 
angle is connected to the pars 
intermedia of the nasal capsule 
by well-defined spheneth 
moidal commissure. Its upper 
posterior angle is joined to the 
anterior edge of the parietal 
plate by a well-developed orbito 


varie COmmissure, thus com- 
6 E. Consecutive transverse sections pat commissure, thus com 


hrough the anterior sphenoidal region of the pletely isolating the extensive 
head of a 20.4 mm embryo of S. setosus 


(X 30) spheno-parietal fontanella, 
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The apical portion of the ala orbitalis is directed downwards, medially 
and slightly backwards. It bifurcates to enclose the optic foramen between the 
pre- and post optic roots, these, after reuniting, join the trabecular plate by 
a short but fairly wide common stem. The post optic root is rather slender 
and is deficient on the one side of the specimen investigated. A deficient post 
optic root has been described in all Marsupials thus far investigated, and also 
in Microtus (Fawcett 1917 and 1919) and in Galaeopithecus (HENCKEL 1929). 

The pre-optic root is strongly developed and abuts against the postero-lateral 
aspect of the cupula posterior of the nasal capsule, thus delimiting a small 
medially placed foramen prechiasmaticum from the extensive dorso-lateral 
division of the orbito-nasal fissure. 

The ala hypochiasmata is well defined and arises by a broad base from the 
posterior and ventral surfaces of the pre-optic root. It projects laterally and 
forwards and forms a shelf below the optic nerve and ophthalmic artery as these 
structures traverse the optic foramen. 

a. Early development of the ala orbitalis: In the 9 mm embryo the ala 
orbitalis displays a well-defined autogenous blastem centre which does not 
communicate with the blastematous sphenethmoidal commissure but is already 
in slight blastematous continuity with the pars trabecularis by means of its 
pre-optic root; the post optic root is not defined in blastem as yet. In the 
9.3 mm embryo the ala orbitalis is slightly chondrified but the sphenethmoidal 
commissure, the orbito-parietal commissure and the pre-optic root are still 
procartilaginous, while the post optic root is entirely blastematous. 

The 9.8 mm embryo displays a well chondrified ala orbitalis with a well- 
defined ala hypochiasmata. All its connections to neighbouring parts of the 
chondrocranium are in cartilage, except for the orbito-parietal commissure which 
is still, in part, procartilaginous. In the 10.5 mm stage this commissure is also 
completely chondrified. 

b. Post optimal changes in the ala orbitalis: As in the case of the alisphenoid 
the exact stage at which the ala orbitalis begins to ossify and the exact position 
of the centre(s) could not be determined for the lack of suitable embryonic 
stages. 

In the 47.4 mm embryo the orbitosphenoid is an extensive ossification 
which is thick and strongly pneumatic. It involves the entire medial part of the 
ala orbitalis; due to extensive expansion in membrane bone fashion, it forms 
a cup-shaped investment for the cupula posterior of the nasal capsule. The 
orbitosphenoid, at this stage, displays a well-defined optic foramen and is 
related to the following bony elements: vomer, palatine, alisphenoid, frontal 
and pterygoid. The sphenethmoidal commissure is still intact, but the orbito- 


parietal commissure is almost completely resorbed. 


As previously stated the presphenoidal region of the central stem is still 


unossified in the 47.4 mm embryo of Setifer. The postero-medial ends of the 
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two orbitosphenoids, 
however, already en- A. 
croach to a small ex- 
tent on the  presphe- rec.ant. 
noidal region of the 
central stem in front of 
the basisphenoid. 

It appears extremely poa. + 
unlikely that separate  ¢rsmec 
presphenoid ossifica- 
tion centres will. still 
arise, and this region 
thus seems to await 
ossification spreading 
medialwards from the 
orbitosphenoids. 

3. The nasal cap- 

55, 56, 59, 


sule (figs. 
63, 64), is strongly 
developed and its length 
amounts to — slightly 
more than half the total 


length of the chondro- 


cranium. Roughly one 


third of the nasal cap- 


sule 1s subcerebral, the 


fone} 
9°00 


915 


remaining two thirds 


being precerebral. 


o 9 


Both internally and 
externally the nasal cap- 
sule can be divided into 
three parts, viz: pars 
posterior, pars inter- 
media and pars anterior. 
The boundaries of these 
parts will be described 
in due course. 

Exterior of the nasal 
capsule: The _ tectum 
x). Fhe 


Nasi (fig. 


roof of the pars inter- 


Fig. 64 A—B. Transverse sections through the nasal capsule 
media and pars poste- of a 20.4 mm embryo of S. setosus (X 30). 
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the nasal capsule is subcerebral in position and is formed almost ex- 
clusively by the lamina cribrosa. This part of the tectum nasi inclines back- 
wards and downwards forming an angle of about 30° with the horizontal 
plane. It 1s well fenestrated, transmitting the fila olfactoria and part of the 
ophthalmic branch of the trigeminal nerve. 


The medial borders of the two cribriform plates fuse with the postero- 
dorsal edge of the septum nasi, and although the septum and the medial parts 
of the two cribriform plates lie at a higher level than the lateral halves, one 
could hardly speak of a crista galli being present. Neither is the crista inter- 
‘ibrosa, which is supposed to divide the cribriform plate into an antero-lateral 


and a postero-medial part, at all well developed. 


CT 


The tectum nasi posterius is well-defined and fused with the septum nasi 
medially. It is almost horizontal in position, not being as steeply inclined 


downwards and backwards as the cribriform plate. 


[he terminal part of the ophthalmic nerve enters the nasal cavity together 


with several bundles of olfactory nerve fibres through a large foramen in the 
most lateral part of the cribriform plate. 


The pars anterior of the tectum nasi slopes gently downwards and forwards. 
Medially the tectum nasi is fused with the upper edge of the septum nasi 
and laterally it passes insensibly into the upper medial edge of the paries 


nasi. 
A small foramen epiphaniale is present. 


The sulcus dorsalis nasi, lying over 
the upper edge of the septum nasi is deepest towards the middle of the 


pars 
Near the anterior tip of the snout it 


interior. rapidly increases in depth and 
leads into the cavum internasale between the cupulae anteriores of the nasal 
capsules. 
The paries nasi (fig. 59) is complete in the posterior and middle divisions 
of the nasal capsule but displays several deficiencies in its anterior part. The 
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imited from the pars intermedia by the alldefined sulcus 


is Which runs downwards and forwards and corresponds to the 
the middle and anterior roots of the first primary 
ventral edge of the pars posterior curves medially into 


amina transversalis posterior, while its dorsal edge is continued into the 


tectum nasi posterius and lamina cribrosa; posteriorly it leads into the cupula 
posterior of the nasal capsule. 
The pars intermedia, being pushed outwards by the deep internal recesse 
projects far laterally and gives the nasal capsule its 
pear shape. Anteriorly the pars intermedia 1s delimited by the 
ateralis, corresponding to the internal attachment of the crista 
micircularis. On its outer surface the pars intermedia displays only one ill- 
defined sulcus which corresponds to the internal attachment of the long 
root of the first primary ethmoturbinal. This sulcus partly delimits 


prominentia superior (prominentia frontalis of FAwcetr) from the 
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prominentia anterior and the prominentia inferior (prominentia maxillaris of 
l‘awcetT). The prominentia superior gives rise to the sphenethmoidal com- 
missure postero-dorsally, but the internal attachments of the first and second 
secondary ethmoturbinals do not result in the formation of any secondary 
sulci on its smooth and convex outer surface. 

The pars anterior is long but narrow. Posteriorly the sulcus antero lateralis 
delimits it from the pars intermedia. Dorsally it is continuously blended with 
the tectum nasi anterius. The posterior half of the inferior border of the pars 
anterior is thickened to form the maxilloturbinal and below the posterior part 
of this turbinal the paries nasi is continued into a narrow and _ ill-defined 
lamina infraconchalis, as in the rabbit (Voir 1909) and water rat (FAWCETT 
1917). Due to the pronounced anteriorly facing convexity of the sulcus antero- 
lateralis the greater part of the prominentia supraconchalis lies ventral to the 
prominentia anterior, instead of anterior to it. Dorsally the prominentia supra- 
conchalis is delimited -by a faint sulcus which corresponds to the attachment 
of the ill-defined nasoturbinal. A fairly well-developed sulcus for the naso- 
lacrimal duct crosses the prominentia supraconchalis from its antero-ventral 
to its postero-dorsal aspect, where it blends with the lower limb of the sulcus 
antero-lateralis. 

The inferior border of the anterior third of the paries nasi is fused with 
the lateral edge of the lamina transversalis anterior, thus resulting im the for 
mation of a complete zona annularis. The nasolacrimal duct runs forwards in 
a deep sulcus over the ventro-lateral aspect of the zona annularis. This sulcus 
is believed to indicate the junctional zone between paries and solum nasi in 
this region. Anteriorly the sulcus leads into a small foramen pretransversale 
through which the nasolacrimal canal enters the cavum nasi. The foramen 
pretransversale is delimited from the extensive fenestra naris by an extremely 
slender bar of cartilage which extends from the processus lateralis ventralis 
below, to the ventral edge of the paries nasi above. Postero-dorsal to the 
fenestra naris an extensive fenestra superior nasi (foramen dorsale, AWCET1 
or fenestra lateralis, STURM) can be distinguished. This fenestra is separated 
from the fenestra naris by a wide strip of paries nasi which, in front of the 
fenestra superior nasi, joins the tectum nasi, thus contributing to the forma- 
tion of the cup-shaped cupula anterior. 

The processus alaris superior in Setifer is not very well defined. It has the 
shape of a small cartilaginous wing attached to the paries nasi, antero-ventral 
to the fenestra superior nasi. It projects upwards, backwards and sideways 
and bridges over the fenestra superior nasi. A strong muscle tendon attaches 
to its posterior tip. 

From the ventro-lateral border of the cupula anterior a short cartilaginous 


spur, the processus cupularis, projects upwards, backwards and sideways. A 
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similar structure has been described in Erinaceus (FAWCETT 1918) and in 


Suncus (Author). 

The fenestra naris is extensive and is bound as follows: Anteriorly by the 
cupula anterior, postero-dorsally by the paries nasi, ventrally by the processus 
lateralis ventralis and antero-laterally by the processus cupularis. 

The solum nasi (fig. 56) in Mammals is always rather incomplete. In the 


pars posterior of the nasal capsule in Setifer the floor is almost complete, 


being formed for the greater part by the lamina transversalis posterior, This 


lamina is supplemented by the posterior paraseptal cartilage which, postero- 
laterally and posteriorly, merges into the lamina transversalis posterior. The 
posterior paraseptal cartilage projects forwards from the lamina transversalis 
posterior as a short blunt process. A narrow septo-paraseptal fissure intervenes 
between the posterior paraseptal cartilage and the ventral edge of the septum 
nasi; it is continued backwards to separate the whole of the lamina trans- 
versalis posterior and cupula posterior from the nasal septum. 

The postero-lateral edge of the vomer invades the whole length of the poste- 
rior paraseptal cartilage. 

Due to the presence of an extensive fenestra basalis the middle portion 
of the nasal capsule has practically no floor. The anterior paraseptal cartilage 
covers only a relatively small portion of the fenestra antero-medially. As in 
the posterior paraseptal cartilage it is separated from the nasal septum by a 
narrow septo-paraseptal fissure. Its posterior tip ends freely and is separated 
from the posterior paraseptal cartilage by a wide gap. Anteriorly the anterior 
paraseptal cartilage arises from the ascending medial wall of the lamina trans- 
versalis anterior by a long and slender neck. This slender anterior attachment 
is regarded by SturM (1937) as indicative of the separate origin of the 
anterior paraseptal cartilage. 

The body of the anterior paraseptal cartilage is typically trough-shaped. The 
vertical medial lamella is well-developed ; its ventral edge is strongly recurved 
laterally, especially in its anterior part, so as to form a ventral and lateral 
protection for Jacobson’s organ. Where the slender neck attaches to the body 
of the anterior paraseptal cartilage antero-dorsally, a slight roof, or “‘horizontal 
lamina” (StuRM), is formed. In this region the recurved ventral edge almost 
meets the “horizontal lamina’, but an “‘outer bar’? Broom is not formed. 

Both a cartilago ductus nasopalatimi and a cartilago palatina are absent in 
Setifer. 

Anterior to the basal fenestra the solum nasi is formed by the lamina 
transversalis anterior. This lamina lies at a lower level than the septum nasi 
so that its medial edge has to ascend in order to fuse with the ventral edge 
of the septum nasi. The sulcus ventralis nasi so formed is very deep in its 
posterior part. Laterally the lamina transversalis anterior fuses with the paries 


nasi to form a complete zona annularis. Anteriorly it is continued into the 
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ventralis which forms the floor of the cupula anterior im 


f the nasal capsule (fig. 65). A medial view of the paries nasi 
eals, especially in the pars posterior and pars intermedia, a series of turbinal 
ilages over which the respiratory and olfactory epithelium is spun. These 

are arranged more or less at right angles to the lamina cri 

‘this lamina is almost horizontally placed, the turbinal cartilages 

nearly vertically arranged with a slight backward inclination superiorly. 
rly the recesses enclosed between the turbinal cartila; ‘s have a great 

is delimited from the pars intermedia by the attachment 

ethmoturbinal. This ethmoturbinal is by far the largest 

the three primary ethmoturbinals and is typically bilaminate in its composi 


Che larger upper lamella projects horivontally forwards as a blind spur 
the attachment of its roots and hides from view almost the entire 
ior as Well as part of the recessus anterior et supraconchalis. The 


mella is markedly concave antero-superiorly. The turbinal arises 


of the nasal capsule by four roots: The posterior root (postero 


in position) arises directly from the ventral surface of the lamina cri 

The middle and anterior roots arise, almost in a straight line, from the 

aspect of the paries nasi, producing the sulcus postero-lateralis on its 

urface; the ‘rior root (antero-dorsal in position) arises from the 

aspect of the paries nasi, delimiting the recessus superior (frontalis) 
recessus anterior and inferior (maxillaris). 

ethmoturbinal lies in the pars posterior, behind and 

primary ethmoturbinal. It is much smaller than the first 

is also bilaminate, being composed of a large medial and a smaller lateral 

lla; the former lamella completely hides the latter from view. This turbinal 

the ventral aspect of the lamina cribrosa and the medial aspect 

ies nasi. Enclosed between the first and second primary eth 

deep recess which lodges a small secondary ethmoturbinal 


1 


ird primary ethmoturbinal lies behind and parallel to the second being 


it by a deep recess which does not lodge any secondary eth 


1] + 


] lar composition and 


This turbinal is of a simple unilamel 
the lamina cribrosa and from the medial aspect of 

r end of the paries nasi. Behind it lies the cupular recess. 
pars intermedia is delimited antero-ventrally, anteriorly and antero 
ta semicircularis, the attachment of which produces the 
alis on the exterior of the paries nasi. The crista 


‘ms a complete semicircle. Its upper limb runs forwards, 
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rve.apc. 


D. Consecutive transverse sections through the nasal septum and anterior 
paraseptal cartilages of a 20.4 mm embryo of S. setosus (X 60) 


laterally and downwards and makes a sharp bend in front of the recessus 
anterior ; the lower limb runs backwards, downwards and medially. The poste 
rior end of the lower limb does not terminate in a free-ending processus 


uncinatus but gradualy merges into the paries nasi, so that the posterior end 
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of the recessus supraconchalis communicates freely behind with the recessus 
inferior. 

The attachment of the superior root of the first primary ethmoturbinal 
divides the pars intermedia into a larger postero-dorsal division, which forms 
the very deep recessus superior (frontalis), and the smaller antero-ventra! 


division, composed of the recessus anterior and the recessus inferior. 


The floor of the recessus superior is formed by the superior root of the 


first primary ethmoturbinal antero-ventrally and by the middle root of the same 
ethmoturbinal postero-ventrally. Attached to the base of the recessus superior 
are the well-defined first and second secondary ethmoturbinals. 

Both these secondary ethmoturbinals extend from the superior root of the 
first primary ethmoturbinal in front, to the cribriform plate behind; they 
subdivide the recessus superior into three minor secondary recesses. The 
superior secondary recess lies between the crista semicircularis and the first 
secondary ethmoturbinal, communicating in front with the recessus anterior. 
The middle secondary recess (anterior secondary recess, DU Toit) lies between 
the first and second secondary ethmoturbinals; the inferior secondary recess 
lies between the second secondary ethmoturbinal and the middle and superior 
roots of the first primary ethmoturbinal. 

The upper portion of the antero-ventral division of the pars intermedia 
forms the deep and very far forwards extending recessus anterior which 
produces the pronounced prominentia anterior externally. This recess which 
is largely hidden from view by the crista semicircularis, communicates above 
and behind with the superior secondary recess, postero-ventrally it commu- 
nicates freely with the recessus inferior (maxillaris). This latter recess com- 
municates in front with the recessus supraconchalis and posteriorly it extends 
quite a distance as a blind pouch bounded by the paries nasi laterally, the 
superior root of the first primary ethmoturbinal superiorly, the anterior root 
of the first primary ethmoturbinal ventrally and the lamellae of the first 
primary ethmoturbinal medially. The term “recessus glandularis” has been 
discarded altogether, since the glandula nasalis lateralis lines the whole of the 
recessus inferior and the major parts of the recessus anterior et supraconchalis. 

The pars anterior has a very great antero-posterior length. The maxillo- 
turbinal is well-developed and is restricted to the posterior half of the ventral 
border of the pars anterior. Posteriorly it ends freely, being separated by a 
narrow incisure from the ventral edge of the paries nasi. Arising from the 
posterior division of its ventro-medial edge is a narrow lamina infraconchalis. 
Anteriorly the maxilloturbinal is separated from the atrioturbinal by a wide 
incisura maxillo-atrioturbinalis. 

The nasoturbinal is poorly developed and does not even extend as far for- 
wards as the maxilloturbinal does. Its attachment to the paries nasi produces 


a slight sulcus externally, which delimits the prominentia supraconchalis 
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dorsally. Between the nasoturbinal and the maxilloturbinal lies the welldefined 


recessus supraconchalis which lodges the duct and the greater part of the 


glandula nasalis lateralis. The atrioturbinal shows the normal relations, being 


formed as the internal counterpart of the sulcus for the nasolacrimal duct in 
the region of the zona annularis. It does not communicate behind with the 
maxilloturbinal. 

The septum nasi has the usual shape of a large triangular plate, the base 
of which is greatly thickened especially in its posterior part between the 
cupulae posteriores of the nasal capsules. The apex, and therefore also the 
greatest dorso-ventral depth of the septum, is encountered at the level of the 
antero-medial ends of the laminae cribrosae. The nasal septum, at this stage, 
is complete and does not display any deficiencies, either in its anterior or 
posterior part. Its ventral border is free except for a short distance anteriorly 
where the laminae transversales anteriores fuse with it. The long antero- 
superior border is continuously blended with the tectum nasi, and similarly 
the shorter postero-superior border is joined by laminae cribrosae and the 
tectum nasi posterius on either side. Posteriorly the nasal septum is continued 
into the thick cylindrical posterior division of the trabecular plate. 

a. Early development of the nasal capsule: The nasal capsule is still entirely 
blastematous in the 9 mm embryo. The nasal septum displays a well-defined 
autogenous blastem centre, the upper edge of which is in slight blastematous 
continuity with the tectum and paries nasi. The tectum and paries nasi at this 
stage is represented by a continuous blastem sheet without any definite con- 
centration in the future partes anterior, intermedia et posterior. The anterior 
paraseptal displays a local concentration in blastem. 

In the 9.3 mm embryo the greater part of the nasal capsule is procartilagimous 
and the parieto-tectal, paranasal and antorbital centres in the paries and tectum 
nasi are better defined and more or less clearly delimited from one another 
by blastem. 

The parieto-tectal centre is in slight procartilaginous continuity with the 
upper edge of the nasal septum in the region of the zona annularis. The 
anterior tip of the snout is entirely blastematous. The paranasal centre is 
expanded into the anterior end of the future sphenethmoidal commissure. The 
antorbital centre is still very small, the greater part of the pars posterior of 
the nasal capsule being blastematous. The anterior paraseptal is completely 
blastematous and in slight blastematous continuity with the pars anterior. 

In the 9.8 mm embryo conditions are not much different from the previous 
stage. The nasal capsule is still procartilaginous, the partes anterior et inter- 
media having lost their separate identity; the pars posterior is still separate ; 
the anterior paraseptal is only defined in blastem and the sphenethmoidal com- 
missure is complete, but only in procartilage. 


Even in the 10.5 mm stage conditions are little changed. Except for the 
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nasal septum the entire nasal capsule is densely procartilaginous. The ant- 
ital centre is fused with the rest of the paries nasi; the anterior para- 


1 
| 


septal and the tip of the snout, however, being still only defined in dense 


blastem. The rest of the early development of the nasal capsule could not be 


due to the lack of embryonic material between the 10.5 and 
stages. 
Post optimal changes in the nasal capsule: The post optimal changes in 
development of the nasal capsule could not be done in any detail for the 
of suitable embryonic material. A 47.4 mm embryo, however, shows 
a few noteworthy changes. As in the 20.4 mm embryo, the nasoturbinal is 
irely deficient in its anterior part. The respiratory epithelium of the nose 
this region, however, displays a well-defined horizontal ridge without any 
rtilaginous support, this may imply the future development of the nasotur- 
binal. This supposition is supported by the fact that a 29.4 mm embryo of 
the much smaller species of Echinops telfairi shows a well-defined nasoturbinal 
the region of the zona annularis; this part of the nasoturbinal being 
liscontinuous with its most posterior part. The 47.4 mm embryo of Setifer 
setosus furthermore displays a well-defined third secondary ethmoturbinal 
the base of the deep recess between the first and second primary ethmotur 
binals. The posterior part of the lamina transversalis posterior is also fused 
with the lower end of the septum nasi for a short distance. 

In the 47.4 mm embryo a small cartilago palatina is present ventro-lateral 
terior paraseptal cartilage but completely separate from it. A cartilago 
nasopalatini, however, is still completely absent. Exactly similar condi- 

tions were found to prevail in the 29.4 mm stage of Echinops telfairi. 
The anterior paraseptal in the 47.4 mm embryo of Setifer setosus was found 


to be much similar to that of the 20.4 mm stage. The ‘‘outer bar’ is still 
Ss 


deficient but the vertical lamella in the posterior part of the cartilage is so 
strongly recurved laterally that it almost forms a complete tunnel for Jacob- 
son’s organ. One has good reasons to assume that an “outer bar” (Broom) 
may still develop later on, since it is already present in the 29.9 mm embryo of 
Echinops telfairi. 

Resorption of cartilage has not advanced very far in the 47.4 mm stage of 
Setifer setosus. The anterior part of the prominentia supraconchalis displays 
an extensive resorption deficiency roofed over by the maxilla. Similarly the 
anterior part of the roof of the superior secondary recess of the recessus 

iperior is deficient and roofed over by the frontal. 

As far as the ossification of the ethmoid is concerned, three well-defined 
centres could be distinguished: an unpaired median centre representing the 
mesethmoid ossification, in the upper part of the nasal septum and_ the 
adjoining parts of the laminae cribrosae; two well-defined lateral pleurethmoid 


ossification centres, each of which involves the entire anteriorly directed spur 
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of the first primary ethmoturbinal with the adjoining anterior ends of the 


lamellae and anterior root of the turbinal. In addition the posterior paraseptal 


cartilage and the anterior part of the lamina transversalis posterior are well 
ossified in conjunction with the vomer at this stage. 

The 29.47 mm embryo of Echinops telfairi does not show a mesethmoid 
ossification centre as yet, but in the lateral pleurethmoid region it shows three 
autogenous centres: one in the anterior spur of the first primary ethmoturbinal ; 
another in the anterior end of the first secondary ethmoturbinal and yet another 
in the processus uncinatus of the crista semicircularis. In addition, of course, 
there is the separate ossification centre of the lamina transversalis posterior 


and posterior paraseptal cartilage in conjunction with the vomer. 


THE DORSAL STRUCTURE. 


lhe dorso-lateral structures, viz. sphenethmoidal and orbito-parietal com 
missures and the the parietal plate have already been discussed. The supra- 
occipital cartilages in Setifer fuse in the mid-dorsal line to form the tectum 
posterius which forms the postero-dorsal boundary of the foramen magnum. 
The lateral end of the supraoccipital is fused with the upper posterior end 
of the exoccipital antero-ventrally, while antero-dorsally it is fused with the 
parietal plate. A deep sulcus in the postero-lateral aspect of the occipital arch 
indicates the junctional zone between ex- and supraoccipital cartilages. At this 
stage of development the greater part of the supraoccipital is already pert- 
chondrally ossified. 

1. Early development of the supraoccipital cartilage: 
In the 9g mm embryo the supraoccipital has the form of an extensive blas- 
tematous plate, entirely separate from the exoccipital. In the 9.3 mm embryo 
it is still blastematous, being already fused with the blastem rudiment of its 
fellow from the opposite side. The 9.8 mm stage displays a small but well- 
defined chondrification centre in the supraoccipital close to the upper posterior 
end of the exoccipital. The greater part of the supraoccipital, at this stage, 
however, is still blastematous. In the 10.5 mm embryo the supraoccipital is 
extensively chondrified being in cartilaginous continuity with the exoccipital, 
parietal plate and with its fellow from the opposite side. 

2. Post optimal changes in the supraoccipital car- 
tilage: The 20.4 mm embryo displays a fairly extensive perichondral 
ossification of the supraoccipital cartilages and tectum posterius. It was there- 
fore not possible to determine whether the supraoccipital bone arises from 
paired lateral centres or from an unpaired median centre. 

At this stage of development the supraoccipital ossification is already in 


slight osseous continuity with the interparietals. During later development this 
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fusion becomes so intimate that no longer can any line of demarcation be drawn 
between supraoccipital and interparietal. 

The 47.4 mm stage of Setifer setosus as well as the 29.4 mm stage of 
Echinops telfairi show a long antero-ventrally directed process of the supra- 
occipital cartilage, which bridges over the occipito-capsular fissure and over- 
laps the posterior end of the pars canalicularis of the otic capsule dorso- 
laterally. This process closely resembles a similar structure described by 
l-AWCETT (1917) in Microtus and again by the same author (1919) in Minio- 
pterus. Fawcett referred to it as a “processus opercularis” but it seems doubt- 
ful whether phylogenetically, it has anything in common with the processus 


opercularis found in Sorex, Talpa, Suncus and Eremitalpa. 


IV. THE MEMBRANE BONES. 


The oldest embryonic stage at my disposal, a 47.4 mm embryo, was used 


for a study of the membrane bones. 


A. THE PREMAXILLA 


presents very little of particular interest. It remains separate from the adjoining 
bony elements throughout life. The processus extranasalis is very short. 
The palatine process is also small, forming only the small anterior portion of 
the hard palate. The processus palatinus medialis, or processus prevomeralis, 
is strongly developed, being related both to the maxilla and the vomer. It 
forms the strong medial support for the anterior paraseptal cartilage. 

The premaxilla makes its first appearance in ontogeny in the 9.8 mm 
embryo as a small bony nodule in its future alveolar portion. In the 10.5 mm 
embryo the processus palatinus medialis was still deficient and in the next 
stage available (20.4 mm), it was well developed. It was therefore not pos- 
sible to determine whether or not this process develops from an autogenous 


centre. 


THE MAXILLA 


is large and consists of the usual parts, viz. a wide frontal process, a well- 


developed alveolar portion and a wide palate process which meets its fellow 


from the opposite side in a median suture, constituting by far the greater part 
of the hard palate. 
The infraorbital foramen is large and pierces the maxilla. Postero-lateral 


to the infraorbital foramen the maxilla bears a stout zygomatic process directed 
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backwards and sideways. This process ends freely behind, since a jugal is 
absent and the zygomatic arch incomplete. 

The postero-superior border of the frontal process of the maxilla displays 
a deep incisure for the transmission of the nasolacrimal duct; the lacrimal 
bone being absent, the lower border of the frontal converts this incisure into 
a foramen. 

The maxilla first appears in the 9.8 mm embryo. It arises from two centres : 
one in the future zygomatic process and another at about the junction of 
the future frontal and alveolar portions; these two centres are completely 
fused in the 20.4 mm embryo. 

The presence of a separate ossification centre for the zygomatic process 
of the maxilla is important because it may mean that this process actually 
represents the missing jugal of the Centetidae. Additional developmental data 
for other members of the Centetidae is necessary however, before any definite 
statements can be made. LEIMGRUBER (1939) reported a separate centre for 


Tenrec ecaudatus. 


THE JUGAL 


is commonly regarded as absent in the Centetidae and no separate jugal could 
be found in Setifer, unless the zygomatic process of the maxilla is regarded 
as the rudiment of the jugal which became secondarily fused with the maxilla. 


(See development of maxilla.) 


D. THE LACRIMAL BONE 


is absent in the 47.4 mm embryo; neither could it be found in the younger 
stages, the oldest of which measured only 20.4 mm. This, however, is not 
surprising because the lacrimal usually appears very late in ontogeny. Its 
absence in the 47.4 mm embryo, therefore, may not necessarily mean that it 
is entirely absent in Setifer setosus, it may not have developed as yet or it 
may have developed after the 20.4 mm stage and have fused again with the 
maxilla (or frontal) before the 47.4 mm stage was reached. 

This latter possibility is supported by the condition prevalent in Echinops 
telfairi MARTIN, of which a 29.4 mm embryo was sectioned. This latter species 
is much smaller than Setifer setosus, consequently the chondrocramium and 
membrane bones in the 29.4 mm embryo were at least as well, if not better 
developed than in the 47.4 mm embryo of Setifer setosus. 

The 29.4 mm embryo of Echinops telfairi shows a well-defined and sep- 


arate lacrimal bone on the prominentia inferior of the nasal capsule. It is not 


pierced by the lacrimal canal, but its anterior part, which lies under cover of 


the maxilla, is trough-shaped and lodges the nasolacrimal duct. Its posterior 
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lies wedged between the frontal and alveolar portions of the maxilla, so 
lacrimal bone forms the posterior delimitation of the lacrimal canal. 
lacrimal has been reported as absent only in Monotremes, Manis and 
Pinnipedia and as STADTMULLER (1936) maintains, this absence is only appar- 
rarded as fused either with the frontal or with 


in most cases it is reg: 


THE VOMER 


gh-shaped. Being unpaired, it lodges the lower edge of the nasal septum 
from between the anterior ends of the anterior paraseptal car- 
to a point behind the cupulae posteriores of the nasal capsules. The 

valf of the vomer forms a very deep trough with fairly thin walls but 


in parts even pneumatic, base. This part of the vomer is intimately 


lated with the processus prevomerales of the premaxillae and with the pala- 
processes of the maxillae. 

its posterior half the vomer assumes the shape of a very shallow trough, 
its extreme posterior part being merely a horizontal plate below the nasal 
septum. Where it lies between the posterior paraseptal cartilages and laminae 
transversales posteriores, the vomer, at this stage, displays extensive horizort- 
ally-placed wings, which are formed by the ossified posterior paraseptal car- 
lages and medial edges of the posterior transverse laminae. The extreme 
posterior end of the vomer is related to the vertical laminae of the palatimes, 


the orbitosphenoids and the pterygoids,. 

Because of the lack of suitable embryonic stages the earliest development of 
the vomer could not be determined. In the 10.5 mm embryo it is still absent 
and in the 20.4 mm stage it is a strongly developed trough-shaped bone, which 


has even commenced its invasion of the posterior paraseptal cartilages. 


THE PALATINE 


rate size but presents little of particular interest. Its horizontal 


lamina forms the posterior part of the hard palate and thus the anterior bound- 


ary of the apertura nasalis interna. The vertical lamina is trough-shaped and 


is intimately related to the orbitosphenoid, alisphenoid, vomer and pterygoid. 
Its earliest development could not be determined. It is still absent in the 
ve, 


10.5 mm embryo and already well-developed in the 20.4 mm stag 


G. THE PTERYGOID 


is a thick, well-defined bone, intimately related to the palatine, vomer, all- 


sphenoid and basisphenoid. It does not fuse either with the vomer or with the 
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palatine, but its posterior end is inseparably fused with the alisphenoid and 


basisphenoid. The hamulus is also well developed, and at this stage still con 


tains a large nodule of the pterygoid cartilage in its posterior extremity. 


Its earliest development could not be determined, since it was absent in the 
10.5 mm embryo but well-developed in the 20.4 mm stage. In the latter stage 
the posterior end of the pterygoid is already fused with the basisphenoid but 


is sull completely separate from the ala temporalis. 


H. THE NASAL 


present nothing of particular interest. It extends backwards about as far as 
the middle of the nasal capsule and ends by forming an intimate suture with 
the frontal. It is furthermore related to the premaxilla and maxilla, and at 
this stage of development is completely fused with its fellow from the opposite 
side in the mid-dorsal line. 

The stage at which it first appears could not be determined, but in the 
20.4 mm embryo the nasal i already extensively ossified and its posterior end 


1s fused with its fellow from the opposite side. 


THE FRONTAL 


is a fairly extensive bony plate, being related to the nasal, maxilla, palatine, 
orbitosphenoid and pterygoid. It is strongly pneumatic, especially along its 
dorso-lateral aspect and displays an extensive frontal sinus. It was observed 
for the first time in the 9.8 mm embryo, dorso-lateral to the prominentia 


superior of the nasal capsule and lateral to the sphenethmoidal commissure. 


THE PARIETAL 


is an extensive bony plate but not as thick and pneumatic as the frontal. It 
is related to the frontal, orbito- and alisphenoids, squamosal and imterparietal. 
It was observed for the first time in the 20.4 mm embryo as an extensive 


plate lateral to the orbito-parietal commissure and parietal plate. 


K. THE SQUAMOSAL 


is of moderate size and of a relatively simple composition. It is related to the 
alisphenoid and parietal. The glenoid cavity has the form of a simple but 
fairly extensive horizontal shelf. No post-glenoid process is present but the 
part of the squamosal that projects backwards from the glenoid cavity bears 


a conspicuous horizontally situated ridge. No zygomatic process 1s present. 
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Its earliest development could not be determined because of the lack of 
suitable embryonic material. It was first observed in the 20.4 mm embryo 
where the squamosal is fairly well developed, especially its glenoid portion, 


which already bears a long backwardly directed spur at this stage. 


L. THE INTERPARIETAL 


is an extensive plate which at this stage is inseparably fused with the supra- 
occipital but is still separated from the parietals by a wide fontanella. 

In the 20.4 mm embryo, where it was observed for the first time, the 
interparietal was still almost completely divided into two lateral halves. Each 
of these, a well-fenestrated plate, was lying supero-medial to the occipito- 
parietal commissure. Posteriorly it was found to be in slight continuity with 


the supraoccipital ossification and with its fellow from the opposite side. 


M. 


(ECTOTYMPANIC) 


THE TYMPANIC 


1 


still displays the primitive C-shape, the deficiency facing slightly upwards 
and laterally. The short antero-lateral limb is closely related to the ventral 
aspect of the posterior extremity of Meckel’s cartilage, the prearticular in- 
tervening. Due to the lack of older embryonic stages, it was not possible to 
determine the utimate fate of the ectotympanic which, however, is believed 
to retain its primitive form throughout life, as is the case in Monotremes, 
Didelphidae, Chiroptera, Xenarthra as well as in many other Insectivores, 
Orycteropus, Sirenia, Lemuridae and Chiromyidae. 

In Setifer it was observed for the first time in the 20.4 mm embryo as an 
extensive rod with a long medial and a short anterior limb. In the younger 


stage investigated, a 10.5 mm embryo, it was entirely absent. 


N. THE PREARTICULAR (GONTAL) 


is a short, trough-shaped membrane bone which invests the ventral aspect of 
the posterior extremity of Meckel’s cartilage and ends behind by invading the 
neck of the malleus. The medial wall of the trough displays a small foramen 
for the transmission of the chorda tympani nerve. 

It was first observed in the 20.4 mm embryo where it appeared as a minute 


splint of bone lying ventral to the posterior end of Meckel’s cartilage. At this 


e it does not invade the neck of the ma!leus and neither does it display 


‘n for the chorda tympani nerve. 
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V. SUMMARY. 


The following points in the development of the chondrocranium and early 


osteocranium of Setifer are noteworthy: 


a. The central stem. 
The central stem is almost straight as in all typical Insectivores. 
The dorsum sellae is inconspicuous and the fossa hypophyseos illdefined. 
The basicochlear fissure is present and undivided. 
The anterior and posterior basicochlear commissures are both deficient. 
The chorda dorsalis is completely resorbed at the optimal stage of chon- 
drification of the chondrocranium. 
The fenestra hypophyseos is obliterated very early in the development of 
the lamina hypophyseos. 
The alicochlear commissures are present and well-developed. 
The planum basale, in its early development, clearly illustrates the presence 
of paired parachordal cartilages separated by an extensive fenestra basi- 
cranialis posterior. 
The notochord remains dorsal to the planum basale until it is resorbed 
again. 
No paired “polar elements” could be identified in the chondrification of 
the lamina hypophyseos. 
The processus alaris, as well as the alicochlear commissure chondrify in 


continuity with the lamina hypophyseos. 


The pars trabecularis of the central stem remains clearly demarcated from 


the lamina hypophyseos until relatively late in their development. 

The central stem displays three unpaired ossification centres: basioccipital, 
basisphenoid and mesethmoid. The presphenoid arises from the orbito- 
sphenoids. 

The adult basicranial axis, thus, is composed of four elements. 


The basisphenoid bears a pair of conspicuous tympanic wings. 


b. Exoccipital cartilages. 
The exoccipital cartilages are massive and bear a pair of well-defined 
occipital condyles. 
A single pair of hypoglossal foramina is present. 
The processus paracondyloideus is massive. 
The recessus supra-alaris is wide. 
The lamina alaris is in weak synchondrotic continuity with the pars canal- 
icularis of the auditory capsule. 


The superior and inferior occipito-capsular fissures are confluent. 
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The exoccipital cartilage seems to chondrify in continuity with the planum 


basale and not from a separate centre. 
The exoccipital bone ossifies from a single autogenous centre and forms 


the major part of the occipital condyle. 


c. Auditory capsule. 
The posterior occipito-capsular commissure is deficient as well as the 


anterior and posterior basicochlear commissures. 


The parietal plate is very large and both the orbito-parietal and occipito- 


parietal commissures are well defined. 

An opercular process (I*ISCHER) is absent. 

The tegmen tympani is absent. 

The crista parotica is massive. 

The subarcuata fossae in the pars canalicularis of the auditory capsule 
are rather ill-defined. 

A primary suprafacial (medial pre-facial) commissure, as well as a se- 
condary suprafacial (lateral pre-facial) commissure are present. 

The cochlear segment of the auditory capsule displays a well-defined sulcus 
septalis and also another sulcus for the internal carotid artery and deep 
petrosal nerve. 

A foramen singulare is present. 

The foramen endolymphaticum is situated relatively far back on the 
prominentia cruris communis. 

The processus recessus and associated structures display rather primitive 
relations. 

The auditory capsule chondrifies from two main centres; one in the pars 
cochlearis and the other in the pars canalicularis. 

The parietal plate seems to arise from an autogenous centre. 

The primary suprafacial commissure appears very long before the second- 
ary suprafacial commissure. 

The rudimentary processus recessus makes its appearance relatively early 
in ontogeny. 

The auditory capsule ossifies from three main centres. 

No rostral or caudal entotympanics or rostral and caudal petrosal tymp- 


ouished. 


anic plates could be distin 


d. Ala temporalis. 
The ala temporalis is a fairly extensive plate, inclined dorsally at an angle 
of + 40° 
A wellmarked incisura ovalis is present. 
A foramen alisphenoidale is isolated. 


The processus pterygoideus is present, but is short and wide. 
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Both the processus alaris and alicochlear commissure are intact. 


lhe ala temporalis chondrifies from an autogenous centre, but no separate 


centre for the pterygoid process could be distinguished. 
The alisphenoid ossifies from a separate centre and the pterygoid fuses 
with it. 


e. Ala orbitalis. 
The ala orbitalis is rather slender and rodlike. 
Both the sphenethmoidal and orbito-parietal commissure are intact. 
The pre- and post-optic roots of the ala orbitalis are slender and join 
the pars trabecularis by means of a short common stem. 
The ala hypochiasmata is well-defined and forms a shelf beneath the small 
and slanting optic foramen. 
The ala orbitalis chondrifies from an autogenous centre, but a separate 
centre for the ala hypochiasmata could not be distinguished. 
The development of the preoptic root of the ala orbitalis is always well 
in advance of the postoptic root. 
Whether the orbitosphenoid ossifies from a single centre or from two 
centres could not be determined, but the two orbitosphenoids do invade 


the central stem to form the adult presphenoid of the basicranial axis. 


f. Nasal capsule. 
The nasal capsule is long and pear-shaped; about one third being sub- 
cerebral and the rest precerebral in position. 
The crista galli is rather ill-defined. 
The tectum nasi posterius is almost horizontal in position. 
The laminae cribrosae are well fenestrated. 
The epiphanial foramina are present. 
The maxilloturbinal bears a small lamina infraconchalis on its ventrolateral 
surface. 
The zona annularis is complete. 
A small foramen pretransversale is isolated for the transmission of the 
nasolacrimal duct. 
The cupulae anteriores of the nasal capsule are well-defined and separated 
by the cavum internasale. 
The fenestra superior nasi is present. 
Both a processus cupularis and a processus alaris superior are present. 
The lamina transversalis posterior and the posterior paraseptal cartilage 
are both present and separated from the septum by a septo-paraseptal 
fissure. 
The anterior paraseptal cartilage is well defined and of the more specialized 


variety. 
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An “outer bar’ could not be demonstrated in Setifer setosus but it was 
found to be present in Echinops telfairi. 

The turbinal cartilages in the pars posterior and pars intermedia of the 
nasal capsule are almost vertically placed. 

Both the first and second primary ethmoturbinals are of a bilaminate 
composition. 

Three secondary ethmoturbinals were found in the latest embryonic stages 
investigated. 

The crista semicircularis does not bear a free-pointed processus uncinatus. 
The nasoturbinal is poorly developed in Setifer setosus but is much better 
defined in Echinops telfairi. 

The atrioturbinal does not communicate with the maxilloturbinal. 

The nasal septum does not display any deficiencies. 

The early development of the nasal capsule displays well-defined blas- 
tematous antorbital, paranasal and parieto-tectal centres. 

The anterior paraseptal also displays a well-defined autogenous blastem 
centre. 

A small cartilago palatina is present in the oldest embryonic stage in- 
vestigated, but a cartilago ductus nasopalatini could not be demonstrated. 
The main pleurethmoidal ossification centre is situated in the anterior end 


of the first primary ethmoturbinal. 


g. Supraoccipital cartilage 
The tectum posterius chondrifies from bilateral supraoccipital centres. 
It could not be determined whether or not the supraoccipital bone arises 
from paired centres. 
The interparietals fuse with the supraoccipital ossification very early. 
In the oldest stages investigated the supraoccipital cartilage, both in 
Setifer setosus and in Echinops telfairi, bears a long antero-ventrally 


directed wing as in the Golden Mole (Author). 


h. Membrane bones 

The premaxilla displays small extra nasal and palatine processes, but its 
processus prevomeralis is well-defined. 
No separate ossification centre for the processus prevomeralis could be 
detected. 

he short zygomatic process of the maxilla displays an autogenous Oss! 
fication centre which strongly suggests that it represents the rudimentary 


1 


Jugal. 


. > 
The zygomatic arch is most incomplete. 


A separate lacrimal bone could not be demonstrated in Setifer setosus, 


was found to be present in Echinops telfairi. 
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6. The vomer extensively invades the lamina transversalis posterior and the 

posterior paraseptal cartilage. 

The pterygoid displays a well-defined pterygoid cartilage and at an early 

stage of development it fuses with the basisphenoid. Later on it also fuses 

with the alisphenoid. 

The palatine, nasal, frontal and parietal present nothing of particular 

interest. 

The squamosal lacks a zygomatic process. 

Paired interparietal ossification centres could be fairly well distinguished. 

The tympanic bone presents the usual C-shape. Neither its earliest devel- 

opment nor its ultimate fate could be determined. 

The prearticular displays a small foramen for the transmission of the 


chorda tympani nerve. 


PART V. DISCUSSION OF THE RESULTS 
OBTAINED IN PREVIOUS PARTS 
OF THIS PAPER. 


INTRODUCTION. 


As stated in preceding pages, this research on “Insectivore’’ embryonic 
material has been undertaken to contribute to a better knowledge of the em- 
bryology and comparative anatomy of this much disputed group, lying, as it 
does, on the “‘cross-roads” of Mammalian phylogeny. 

Investigation into the material at our disposal (Elephantulus, Suncus, Ere- 
mitalpa and Setifer), has involved certain problems concerning the morphology 


and taxonomy of the group. These will now be discussed. 


Il. SPECIFIC MORPHOLOGICAL CONSIDERATIONS. 


1. The prechordal region of the central stem: As Goop- 
RICH (1930) rightly remarks, the prechordal region of the central stem is 
somewhat difficult to interpret. As is commonly the case in Mammals, the 
prechordal portion of the central stem in the “Insectivores’’ investigated, 
develops in two regions. The most anterior of this, i.e. the pars interorbito 


nasalis (FAWCETT), anterior trabecular element (GoopRICH) or trabecular 


plate (STADTMULLER) arises as an unpaired median element, which fuses with 


the rest of the central stem at a very early stage in Suncus—while still entirely 
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blastematous. In Elephantulus, Eremitalpa and Setifer, however, it retains its 
separate identity for a longer period, and in the latter two, separate chondri- 
fication centres can be clearly distinguished. This part of the central stem is 
commonly believed to represent the fused anterior parts of the two primitive 
trabeculae cranii. 

The difficulty, however, lies in the interpretation of that part of the certral 
stem interposed between the trabecular plate in front and the parachordal (or 
basal) plate behind. This region of the Mammalian central stem, called the 
lamina hypophyseos, (pars trabecularis of Fawcett and lamina polaris of 
other authors) is commonly regarded as arising in placental Mammals from 
paired elements lateral or postero-lateral to the hypophysis and medial to the 
internal carotid arteries. The lamina is completed by a “later” backgrowth of 
cartilage round the lateral aspects of the internal carotid arteries gaining 
secondary attachment to the front of the cochlear capsules. GOODRICH 1930, 
DE BEER 1929 and 1937 and STADTMULLER 1936 give exhaustive accounts of 
the various opinions expressed as to the possible homologies of the elements 
concerned, and to them the reader is referred for further particulars. 

In the specimens investigated these problematic elements, lying medial to the 
internal carotid arteries, were never clearly defined, not even in blastem. 
Only in Suncus could definite paired blastem and chondrification centres for 
these elements be distinguished. 

In the following respects, however, the development of the lamina hypo- 
physeos was found to be identical in these forms: 1. The central part of the 
lamina hypophyseos, whether displaying paired centres or not, was found to 
fuse with the basal plate behind earlier than with the trabecular plate in 
front. 2. Chondrification was found to spread from this central part of the 
lamina hypophyseos, first into the processus alares and then backwards into 
the alicochlear commissures, lateral to the internal carotid arteries, if, indeed, 

] 


these commissures did develop at all. (They are absent in Eremitalpa.) 


The central part of the lamina hypophyseos is regarded to be of secondary 


origin by DE Beer. He compares it to the taenia intertrabecularis of Chelonia 


ot 
and therefore suggests the term “hypophyseal cartilages” for the elements 


constituting it, in preference to the term “polar cartilages” applied by Noor- 
DENBOs, who compares them to the “polar cartilages” of VAN WyHE (detached 
posterior ends of trabeculae cranii). 

The view that this central part of the lamina hypophyseos is composed of 
the posterior ends of the trabeculae (Levi, Fawcett and others) is thus 
strongly opposed by DE BEER and also by Goopricu, who see in the alicochlear 
commissures the ontogenetically delayed posterior ends of the trabeculae, or 
the true “polar cartilages” of VAN WYHE. 

The development of the lamina hypophyseos in “Insectivores”, and for that 


matter in all Mammals, however, seems to suggest that the posterior ends 
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of the trabeculae have come to surround 
the internal carotid arteries—these 
being in a process of cutting through 
the bases of the trabeculae cranii or 
“polar cartilages’, as maintained by 
Gaupp. This view is supported by the 
fact that the basitrabecular process 
(processus alaris) chondrifies from the 
medially placed element and that the 
alicochlear commissure, in turn, chon- 
drifies from the processus alaris. Fur- 
thermore, one would expect the phylo- 
genetically older element to be re- 
capitulated first in ontogeny and there 
is no doubt that the alicochlear com- 
missure, if present, always makes its 
appearance relatively late in ontogeny 
as compared to the median element. To 
regard the alicochlear commissure as a 
secondarily acquired structure, however, 
seems to be of no avail, much rather 
do we regard it as a’ rudiment of the 


postero-lateral end of the trabecula in Fig. 67. Diagramatic representation of the 
formation of the lamina hypophyseos in 
Mammals: A. Monotremes. B. Placental 
for this progressive specialization in Mammals. a.cc. alicochlear commissure; 
cc. cochlear capsule; f.hy. fenestra hypo- 
physeos; ica. internal carotid artery; Lhy. 
tion of the internal carotid arteries and  !amina hypophyseos ; p.al. processus alaris ; 
bb. planum basale; pc. polar cartilage; 
p.tr. pars trabecularis of central stem. 


a state of rapid regression. The reason 
the hypophysial region—lateral migra- 
medial migration of the posterior ends 


of the trabeculae cranii—is probably to 


be found in the progressive narrowing of the anterior end of the parachordal 


(basal) plate, to which the trabeculae gain their primary attachment. 


In Monotremes the anterior end of the parachordal plate 1s wide and the 
cochlear capsules far apart. In them the primitive Vertebrate condition in which 
the trabeculae, although lateral to the internal carotids, still attach to the para- 
chordal plate, is found to prevail. In Marsupials an intermediate stage is 
encountered which leads to the ultimate condition prevalent in most placental 
Mammals, where the medially converging cochlear capsules encroach upon 
the anterior end of the parachordal plate, suppressing it to a marked degree. 
The posterior ends of the trabeculae cranii thus, would necessarily have 
attached secondarily to the cochlear capsules (as the regressing alicochlear 
commissures do) had it not been for their medial migration. 


The internal carotid arteries, to prevent compression medially between the 
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posterior ends of the trabeculae cranii, in front of the medially and anteriorly 
expanding cochlear capsules show a tendency to escape laterally by cutting 
through the posterior ends of the trabeculae and slipping round the antero- 
lateral margins of the cochlear capsules (fig. 67). 

2. Chondrification and ossification of the auditory 
capsule: As is usually the case in Mammals, the auditory capsule in 
the material investigated was found to chondrify from two main centres: one 
in its future pars canalicularis and another in the future pars cochlearis. These 
two centres remain more or less distinct for some time before becoming 
interconnected via the pars vestibularis. It has further been determined that 
the pars cochlearis chondrifies in situ and does not arise from the anterior 
part of the planum basale (on which it encroaches) as was maintained by 
GAUPP (1900). 

This view of Gaupp, however, has never gained any wide support and was 
subsequently abandoned as conditions in Cetacea, Halicore and Felis became 
known, where a well-defined (or rudimentary) lamina supracochlearis over- 
hes the cochlear capsule and gives attachment to the alicochlear commissure. 
(See DE BEER 1937.) 

That the attachment of the alicochlear commissure to the cochlear capsule 
in most Mammals is of secondary nature is furthermore suggested by the 
progressive reduction of this structure in Mammals and the simultaneous 
stronger development of the median portion of the lamina hypophyseos which 
still retains its primary attachment to the planum basale of the central stem. 

The ossification of the auditory capsule in the Chrysochloridae, Menotyphla 
and Insectivora was found to emanate from three main ossification centres: 
one in the extreme antero-lateral part of the pars vestibularis, another in the 
extreme postero-ventral part of the pars cochlearis and yet another in the pars 
canalicularis. These centres, however, are not very well circumscribed and 
their exact position is also subjected to slight variations in differant groups. 


Apart from these main centres several other minor or less constant centres 


may also make their appearance e.g. in the tympanohyale, opercular process 


(when present) and anterior end of the cochlear capsule. 

ANDRES (1924) described as many as ten to twelve ossification centres in 
the auditory capsule of the pig. STADTMULLER (1936) however, pointed out 
that these centres can be divided into two main groups: An anterior inner 
group of centres which he regards as the possible homologue of the pro-otic 
of lower Vertebrates, and posterior outer group of centres which he regards 
as possibly homologous with the epi-otic and opisth-otic of lower forms. 

3. The “opercular” process and “tabular”: The presence 
of an opercular process has first been reported by FiscHER (1901) in Talpa. 
It has subsequently been described in Sorex (DE BEER 1929), Suncus and 


Eremitalpa (Author). 
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In all these forms mentioned, the opercular process has the form of a fairly 
broad, sagittally placed plate which is fused below with the otic capsule and 
the anterior, upper and posterior edges of which are free. It lies lateral to 
the capsulo-parietal commissure and the anterior end of the superior occipito- 
capsular fissure, thus supplying a ventro-lateral wall to the deep sulcus lodging 
the lateral jugular vein. 
rom its development in Suncus and Eremitalpa it has been established 
beyond any doubt that the opercular process arises in situ as an outgrowth 


from the otic capsule which, as is the case in Eremitalpa, may appear very late 


in ontogeny. This fact probably accounts for its absence having been reported 


in so many Mammalian chondrocrania investigated. It appears to be devoid 
of any phylogenetic significance, having developed, as it seems, to afford 
protection for the lateral jugular vein. 

Apart from the opercular process mentioned, however, Fawcett described 
an antero-ventrally directed prolongation of the supraoccipital in Microtus 
(1917), Poecilophoca (1918) and Miniopterus (1919). A somewhat similar 
process has been reported present in Suncus and Eremitalpa (Author). This 
process was found to arise ontogenetically in continuity with the supra- 
occipital and there appears to be very little justification for regarding it as 
homologous with the opercular process of FISCHER, as indeed DE BEER and 
I-AWCETT suggested. Furthermore the simultaneous presence of both processes 
in Suncus and in Eremitalpa strongly contradicts this view. 

More-over, the opercular process of Fawcett does not seem to be a definite 
anatomical entity, being present in most Mammals to a greater or lesser 
degree. It merely represents an anteriorly or antero-ventrally directed expan- 
sion of the supra- (and ex-) occipital cartilage(s), which, because of its very 
poor development (or even entire absence) in some forms, failed to arouse 
comment. That this process is of great significance is suggested by the con- 
dition prevalent in the Golden Mole. As previously stated it is of enormous 
size in the Golden Mole, being directed more forwards than downwards. 

Of importance, however, is the appearance of an autogenous ossification 
centre in the postero-ventral part of this process during later embryonic devel- 
opment. This ossification which spreads forwards, upwards and downwards 
proves to be the “tabular” found in the otic region of the juvenile mole. 

The presence of this element in the skull of the Golden Mole has first been 
reported by Lecue (1907—quoted after WeEBER 1927), who referred to it 
as a pteroticum. Broom (1916), describing this bone in the skull of a juvenile 
Chrysochloris asiatica, expressed his views on its homology as follows: ‘What- 
ever be the nature of this bone, it quite certainly, as will be seen later, is not 
formed from any part of the ear capsule, and as it certainly occupies the exact 
position of the tabular in Therapsid and other reptiles, it seems well to apply 


this name to it. As a large tabular occurs in Cynodonts we may infer that the 
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early Mammals still retained it, and possibly Chrysochloris and its ancestors 
have never lost this ancestral character which all other known Mammals have 
lost” (pp. 45I—452). 

Broom, as most other investigators, regarded this element as being a mem- 
brane bone and therefore the homology with the reptilian tabular seemed very 
likely. As the development of this element in Eremitalpa proves, however, it 
is not a membrane bone but a cartilage bone arising in the expanded supra- 
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occipital cartilage. Actually WINGE (1923) (quoted after WEBER), regarded 


+4 


t as “einen abgesprengten Teil des Supraoccipitale, aus Verbreiterung des 
Hinterschadels entstanden”, and this, for the time being, seems to be the most 
satisfactory evaluation of its significance. 

Whether in Phoca, in which the presence of a tabular has first been reported, 
it is also preformed in the supraoccipital cartilage has not yet been ascertained. 

4. Ossification of the central stem (basi-cranial axis): In 
text-books the central stem of the chondrocranium is always described as being 
typically composed of four elements, viz: a basioccipital arising in the basal 
plate in front of the foramen magnum; a basisphenoid arising in the lamina 
hypophyseos ; a presphenoid arising in the pars trabecularis medial to the optic 
foramina and finally a mesethmoid which arises in the region of the crista 

li of the intranarial portion of the pars trabecularis. 

As Broom (1926 and 1927), has pointed out, however, this contention is 
erroneous because in Marsupials and Artiodactyls there are never more than 
three elements participating in the formation of the basicranial axis. This con- 
dition, according to Broom, moreover, represents the primitive Mammalian 
condition because it corresponds with the condition prevalent in Therapsid 
reptiles from which the Mammals have sprung. He therefore concludes, on 
the basis of homology with the Therapsida, that the three elements present in 

Marsupials and Artiodactyls are the basioccipital, basisphenoid and _ pre- 

the mesethmoid, if present in Mammals, representing a neomorph. 

is Broom (1927) divides the Eutheria into two groups, the more 

itive of which he names the Palaeotherida (with only three elements in 

basicranial axis), and the more specialised group the Neotherida (with 

four elements in the basicranial axis). Both the Marsupials and the Mono- 
tremes lack the fourth element. 

That Broom has touched here on a problem of great morphological signifi- 
cance is beyond any dispute. It is, however, most unfortunate that the two 
problematic elements concerned—the presphenoid and mesethmoid—make their 
appearance so late in intrauterine development or in early post-natal life, that 


their development has not been subjected in the past to the thorough micro- 


4 


scopical investigation they seem to call for. 
Amongst the “Insectivores” investigated by the author (Suncus, Elephan- 


tulus, Setifer and Eremitalpa) were members of both Broom’s Palaeotherida 
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and Neotherida, and fortunately three of these (Suncus, Elephantulus and 


Setifer) belong to the more specialised Neotherida, possessing four elements 


in the basicranial axis. Of all these, fairly late embryonic stages or even 


juvenile forms were available, and although the development of the problematic 
elements concerned could not be exhaustively studied, the data available, never 
the less leave very little doubt as to the exact composition of the basicranial 


gained from 


axis in these forms. From these, and from the information g 


Broom’s accounts (1926 and 1927), one can draw fairly reliable conclusions. 

In the Chrysochloridae (as represented by Eremitalpa) only three elements 
participate in the formation of the basicranial axis, thus confining them to 
Broom’s Palaeotherida together with the Xenarthra, Artiodactyla, Perisso- 
dactyla, Pholidota and Cetacea. Of the three elements concerned, the basi- 
occipital is of undisputed identity and needs no further mentioning. Similarly, 
the basisphenoid is of sure homology, but it needs further consideration be- 
cause this element extends forwards by continuous ossification into the pre- 
sphenoidal region where it definitely separates the most medially extending 
ends of the orbitosphenoids, thereby eliminating the possibility for these ele- 
ments to enter into the formation of the adult basicranial axis. The orbito- 
sphenoids, having been eliminated, two possibilities theoretically remain for 
the ossification of the remainder of the pars trabecularis: 1. It may ossify 
from a single centre—presphenoid or mesethmoid. 2. Both these centres may 
appear so that the basicranial axis will, in that case, be composed of four 
elements. 

This final step in the ossification of the central stem could not be determined 
in Eremitalpa due to the lack of suitable material. Broom (1927) however, 
gives the answer in Chrysochloris asiatica, where it 1s demonstrated beyond 
any doubt that this part of the central stem ossifies from a single centre, 
which he prefers to call the presphenoid. 

This centre is situated relatively far forwards, being at least as far forward 
as the most posterior tip of the nasal septum. In position it corresponds exactly 
with the mesethmoid of higher Mammals and with the anterior basicranial 
element found in Therapsid Reptiles (Dicynodon Broom 1926). There is no 
reason to doubt that this condition prevails in all the Chrysochloridae. 

A very interesting condition of the central stem is encountered in the 
Marsupials. PARKER (1885), without going into any details, mentions that: 
“The orbitosphenoids do not form the presphenoid by meeting together below, 
but the presphenoid is as independent as the basisphenoid” (p. 271). BRoom 
(1926) throws more light on the Marsupial condition. He mentions that in 
Trichosurus a definite autogenous, but unpaired ossification centre makes its 
appearance in the central stem between the two orbitosphenoid. 

This centre, after having been reinforced by the medially extending or- 


bitosphenoid ossifications, expands forwards and culminates in the complete 
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ossification of the mesethmoid region. Broom finds good reason to assume 
that a similar condition obtains in all Marsupials. Moreover, he relates an 
almost identical condition for the Artiodactyla, with the only exception that 
the orbitosphenoid contributions to the “presphenoid element” are more ex- 
tensive than was the case in the Marsupials. In none of the other Mammals 
showing only three elements in the basicranial axis, and therefore belonging 
to Broom’s (1937) Palaeotherida, has the development of the anterior ‘‘pre- 
sphenoidal” element been studied sufficiently well to enable one to be absolutely 
sure as to its composition. 

Three possibilities, however, seem to exist: 1. It may arise solely, as in the 
ase of the Golden Mole, from a single unpaired ossification centre in the 


pars trabecularis of the central stem. 2. It may, as in the case of Trichosurus, 


be a complex element formed from an unpaired median centre which has been 


‘ed laterally by the orbitosphenoids. 3. It may be formed merely from 
the medially extending orbitosphenoid ossifications. (This condition is purely 
hypothetical and has not been reported to exist in any Mammal). 

‘rom the account given above it is obvious that Broom’s Palaeotherida does 
not constitute a homogeneous group. At least two, if not three elements enter 
into the formation of the most anterior basicranial element found in this group. 

There can be little doubt that in the Chrysochloridae the condition of the 
basicranial axis resembles that of Therapsid Reptiles strikingly. There seems 

little reason why the unpaired presphenoidal ossification centre 
Broom for Trichosurus should not be regarded as identical with 
fication centre giving rise to the ‘‘anterior element” in Golden Moles. 

‘ntre in the Golden Mole is situated slightly further forwards than that 
of the Marsupial, but this does not seem to exclude the possibility of strict 
homology, because, unlike the basisphenoid and basioccipital, these ossification 
centres do not arise in a part of the central stem of the chondrocranium 
which develops ontogenetically from separate centres—the pars trabecularis 
(planum interorbitonasalis) being a homogeneous entity, 

The Marsupial basicranial axis could therefore be regarded as. strictly 


identical with that of the Golden Moles had it not been for the secondary 
invasion of the anterior element by the orbitosphenoids, thus rendering this 
element of complex nature. It cannot as yet be determined to what extent the 
Marsupial or Golden Mole conditions prevail in the other members of BRoom’s 
Palaeotherida. 

Coming to the members of Broom’s Neotherida we have to account for an 
additional element which enters into the formation of the basicranial axis. 
Theoretically, this new element, being the mesethmoid, has to form the most 
anterior tip of the basicranial axis. This, however, is not the case. The most 
anterior part of the basicranial axis is still formed by the unpaired anterior 


ossification centre found in the Palaeotherida, but shifted relatively far for- 
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wards as in the Golden Moles, i.e. the presphenoidal centre of Broom. The 
new element is introduced between this centre in front and the basisphenoid 
behind ; the only difference being that in the Neotherida the basisphenoid ossi- 
fication remains restricted to the lamina hypophyseos of the central stem, 
while the anterior ossification centre involves exclusively the intranarial portion 
of the pars trabecularis and the laminae cribrosae, leaving the hindermost part 
of the pars trabecularis to the newly introduced element. 

The question arises as to the nature of this fourth element which comes 
to be interposed between the basisphenoid behind, and the unpaired ossifica- 
tion centre (presphenoid or mesethmoid) in front. It definitely occupies the 
“classical” position of the presphenoid and always arises, if not directly from 
the orbitosphenoids, then from paired centres, one in the medial margin of 
each optic foramen. It is important to note that it never (from our present 
knowledge) arises from an unpaired median centre; so that a basicranial axis 
displaying four elements, arising in series from unpaired median centres of 
ossification is unknown amongst Mammals, and for that matter, amongst 
all Vertebrates. 

The development of this fourth element in Suncus, Setifer and Elephantulus 
leaves very little doubt, if any, as to its true nature and significance. 

In Suncus, no separate ossification centres could be detected medial to the 
optic foramina, but the two orbitosphenoid ossifications simply spread medial- 
wards and invade the posterior extremity of the pars trabecularis, thus con- 
stituting the fourth element of the basicranial axis. Similar conditions were 
encountered in Setifer. It is possible, however, that separate ossification centres 
in Setifer may have escaped notice, due to the lack of sufficient embryological 
stages, and that in the latest stage investigated these were already fused with 
the orbitosphenoids. Were this the case, however, it would afford no additional 
difficulty, but would merely liken the condition in Setifer to that of Ele 
phantulus, subsequently to be described. 

Two “presphenoidal” ossification centres could be distinguished in Ele- 
phantulus, one in the medial margin of each optic foramen and quite distinct 
from, but near the ‘“‘main” ossification centre of the orbitosphenoid, which 
was found to be situated in the antero-lateral margin of the optic foramen. 
These two “presphenoidal” centres, however, were found to coalesce with the 
“main” orbitosphenoid centres long before they establish continuity with each 
other in the median plane; moreover, they arise in cartilage which lies at about 
the junction of the ala orbitalis with the central stem, so that it 1s not at all 
certain that they arise in cartilage belonging primarily to the pars trabecularis. 
On the contrary, it seems much more likely that the strip of cartilage in which 
they do arise belongs primarily to the ala orbitalis, so that these separate 


‘“‘presphenoidal” centres, if present, merely represent accessory orbitosphenoid 
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centres which make their appearance in order to hasten the medially extending 
ossification of the orbitosphenoid. 

An exactly similar condition is found in the Rodent, Pedetes (Broom 1926) 

1] has also been known for long to exist in Man. 

The condition found in other Rodents is also of interest, particularly so 
because the Rodents, as a group, exhibit the best developed “classical” pre- 
sphenoid. As Broom (1926) point out, however, there is little doubt that the 
“presphenoid” in forms like Xerus and Georychus arises from paired lateral 
centres, as is the case in Pedetes; the only difference being, that in these forms 
the two centres fuse with each other in the midline before they come to coalesce 
with the “main” orbitosphenoid ossification centres. 

‘he chief reasons for regarding this fourth element, which appears in the 
basicranial axis of some Mammals, as completely secondary and having actually 


nothing to do with the central stem, are: 1. Ontogenetically the central stem 


of the chondrocranium consists of three definite and constant regions only 
(the planum basale, the lamina hypophyseos and the pars trabecularis—pars 
interorbitonasalis). In the ossification of the central stem one would therefore 
expect three primary ossification centres, and only when placed before irrefut- 
able evidence would one resolve to the contrary. 2. The fact that the basi- 
occipital, basisphenoid and ‘‘anterior element’? always arise from unpaired 
median centres, immediately makes one doubt the primary character of the 
“classical” presphenoid. Indeed, were any one of these basicranial elements 
to arise from paired centres, one would expect it to be, in the first imstance, 
the basisphenoid, situated in the hypophyseal region, and not an element which 
arises in the pars trabecularis. 3. The condition prevalent in most members 
of Broom’s Neotherida, where this problematic element arises from the 


orbitosphenoi if not directly so, then from paired centres which very 


soon establish continuity with this bone, makes one strongly suspect its 

secondary nature, even in forms like Xerus and Georychus, where its true 
is somewhat obscured. 

the otherwise complicated composition of the Mam- 

nial axis becomes quite simple. In all Mammals, as in the The- 

is composed essentially of three elements. viz: 1. The basioccipital, 

an unpaired centre in the planum basale. 2. the basisphenoid, 

an unpaired centre in the lamina hypophyseos and 3. The pre- 


sphenoid (or mesethmoid) which likewise arises from an unpaired centre in 


ars trabecularis. This primitive condition, according to our present know- 


retained in unobscured form only in the Chrysochloridae. In the 
mmals, however, it is obscured by the secondary invasion of the 


] 


remaining Ma 
central stem by the orbitosphenoids, which elements have developmentally 


nothing to do with the central stem. Even the frontals may extend ventrally 


into the region of the basicranial axis in the case of some Primates (BRooM 


he 
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1926). But this condition is likewise 


of pronounced secondary nature (see 
fig. 68). 


[wo further considerations arise 


from the views put forward above: 


lirstly, the name which the true an- 
terior element of the basicranial axis 
should bear. It is clear that in Mam- 
mals this element has been called both 


‘mesethmoid” and “presphenoid”. 


The latter name, however, was origin- 


ally used, and also most frequently, in 


connection with the orbitosphenoid 


element invading the basicranial axis 
and it should therefore be retained for 
this element, provided its significance 
is fully understood. 

The anterior element of the Mam- 


malian basicranial axis undoubtedly 


represents the homologue of the si- 


milar element found in Therapsid Rep- 
tiles. As Broom (1926) points out, a 


similar element in the Amphibian 


skull has been given the non-commital 


name “‘sphenethmoid” and its possible 


homologue in birds is called the 


‘ 


“ethmoid’”’. As the term ‘‘ethmoid”’ in 


Mammalian morphology usually 


applied to the fused ‘‘anterior ele- 


ment” (under discussion) and the two 


laterally placed pleurethmoids it is 
advisable to apply another term; t 
either 


could be ‘‘sphenethmoid” 


‘““‘mesethmoid”’. Seeing that the homo 
logy of this element goes as far back 
as the Amphibians where the term 
‘““sphenethmoid” is used, this seems to 
be the obvious name to apply to the 
Mammalian element. 


In the second instance we feel that, 
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Fig. 68. Diagramatic representation of the 
composition of the Mammalian basicranial 
axis, A. Chrysochloridae. B. Broom’s Neo 
theridae, C. Marsupials (and probably also 
in most other members of Broom’s Pal- 
aeotheridae). als. alisphenoid; basi- 
occipital; bsp. basisphenoid; pre- 
sphenoid; sph. sphenethmoid ( element 
mesethmoid in some Mammals 
and presphenoid in others) 


known as 


seen in the light of the above discussion, 


too much taxonomic value has been attached to the composition of the basi- 


cranial axis by Broom. Seeing that the complication of the Mammalian basi 
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cranial axis depends, not on an element belonging primarily to the central 

‘m, but on secondary invasion from without, we should guard against a too 
liberal application of its composition for taxonomic purposes. 

5. The anterior paraseptal cartilage: is commonly regarded 
as a primitive element of the solum nasi, which, in Mammals, became second- 
arily associated with Jacobson’s organ (SpuRGAT 1896, SypDEL 1895, GAUPP 
1900 and 1908), 

The primitive condition in Mammals seems to be a continuous vertically 
placed lamella (cartilago paraseptalis communis) extending from the lamina 

‘rsalis anterior in front, to the lamina transversalis posterior behind. 
(See STADTMULLER 1936, p. 902.) Its connections to the transverse laminae 
of the solum nasi, however, are held to be secondary. This view is also sup- 
ported by the fact that in all the animals investigated by the author (Suncus, 
Klephantulus, Eremitalpa and Setifer) separate blastem and chondrification 
centres could be distinguished for the anterior paraseptal cartilages. Further- 
more, Elephantulus displayed a blastem primordium for the anterior paraseptal 
which, in the earliest stages, was inseparable from the nasal septum, thus 
reminding one of the condition prevalent in Didelphys (LEv1 1909) and Canis 
(OLMSTAED IQIT). 

That the relations between the anterior paraseptal cartilage and Jacobson’s 
organ are of secondary nature is suggested by the fact that these two structures 
are very often not co-extensive, a condition well demonstrated in the Golden 
Mole and also in Suncus, and which in the past has aroused comment from 
several authors (STURM 1937, CORDS I9I5, STADTMULLER 1936). Moreover, 
} 


the ventral and lateral protection of Jacobson’s organ formed by the recurved 


tral edge of the vertical lamella of the cartilage is acquired secondarily, and 


5 


is pronounced in the more specialised Mammals only, where it may assume the 
of a deep gutter, affording excellent protection for the organ. 


Broom, since 1898, has regarded the anterior paraseptal cartilage as of 
considerable importance in determining the affinities of the aberrant Mam- 
ials, because, as he maintains, it is but little influenced by the habits of the 


Broom laid particular stress on the absence or presence of the ‘‘outer 


which bounds the duct of Jacobson’s organ laterally just before it opens 


the nasopalatine canal (Broom 1898, 1902, 1909, 1915, 1938 etc.). The 


significance of this “outer bar” has not been determined as yet (see 


STURM 1937, pp. 207—208), but that it is devoid of any taxonomic value is 
strongly suggested by its wide and seemingly sporadic occurence amongst 


Mammals of various orders. 


An important embryological point to bear in mind concerning the ‘outer 


bar”, is that it tends to arise at varying stages of development in different 


Mammals, and similarly, it may become resorbed again at varying devel- 


so that one has to be very careful before making any definite 
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statement as to its absence in any particular Mammal (see account given for 
Suncus, Author, and also account by STtuRM 1937). 

6. The ethmoid: in Mammals is commonly described as arising from 
three main ossification centres: the medially placed mesethmoid centre which 
gives rise to the lamina perpendicularis and greater part of the laminae cri- 
brosae of the adult ethmoid, and two laterally placed pleurethmoid centres 
which give rise to the bulk of the adult ethmoid, the ethmoidal air cells and 
the turbinals. 

It has been held in the past that the medially placed mesethmoid centre 
represents a neomorph characteristic of Mammals only. Broom (1926 and 
1927), however, has drawn attention to the fact that it is not always present 


in Mammals, its place being taken in more primitive Mammals by the pre- 


sphenoid ossification, which is already present in reptiles. 

As pointed out before, the development of this region of the skull in Ele- 
phantulus, Suncus, Setifer and Eremitalpa led to the conclusion that a neo- 
morphic mesethmoid centre never arises in Mammals but that it always ossi- 
fies from the centre already present in Reptiles, which should therefore be 
called the sphenethmoid. This centre appears relatively late in ontogeny. 

The lateral pleurethmoid region of the ethmoid was found to ossify, in all 
the animals investigated, from several autogenous centres. There is, however, 
always one main ossification centre in this region which appears relatively 
early and which is relatively constant in position, always occupying the anterior 
part of the first primary ethmoturbinal. In addition to this main pleureth- 
moidal centre several accessory ossification centres were observed, some of 
which, in the animals investigated, proved to be relatively constant and may 
be mentioned here. 

The most constant and most important of these is the separate ossification 
centre displayed by the maxilloturbinal of the nasal capsule. The turbinal 
commonly loses its primary connection with the rest of the pleurethmoid, due 
to secondary resorption of cartilage, and acquires a secondary attachment to 
the deep surface of the maxilla. Another fairly constant focus of ossification 
seems to be the posterior paraseptal cartilage and lamina transversalis posterior. 
This ossification does not arise from an autogenous centre but emanates from 
the lateral lamella of the vomer and, on establishing continuity with the rest 
of the pleurethmoid, it leads to the incorporating of the vomer in the ventral 
aspect of the ethmoid. 

Constant ossification centres were also observed in the nasoturbinal and the 
processus uncinatus of the crista semicircularis; these centres however, do not 
retain their separate identity for any length of time before becoming fused 
with the main pleurethmoid centre. Furthermore, less constant ossification 
centres seem to be of common occurrence in the second and third primary 


ethmoturbinals but these do not remain separate from the main centre for long. 
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The Mammalian ethmoid is commonly regarded as being homologous with 
the sphenethmoid of Amphibians and with the sphenoid of Crossopterygia 
(SOLLAS 1914, WaTSON 1914, BUTSCHLI 1921 and Broom 1926). Of the 
Mammalian turbinals only the maxilloturbinal and nasoturbinal can be traced 
back to the Reptiles and Birds; the ethmoturbinals, primary and secondary, 


1 
} 


cing neomorphs found only in the Mammalia. 

7. The jugal: The relations and significance of this membrane bone 
in the Mammalian zygomatic arch have been discussed in fair detail particularly 
by SLADE (1895) and HocBen (1919). Nevertheless a few points of morpho- 


logical interest concerning the jugal have arisen since then and also from the 


present investigation into the development of the membrane bones in the skulls 


pa, Setifer, Suncus and Elephantulus, which are worth mentioning 


The primitive condition of the Mammalian zygomatic arch seems to be some- 
what obscure. WEBER (1904) regarded a small jugal in the zygomatic arch 
as representing the primitive Mammalian condition and, as HocBEeNn (1919) 
remarks: “there can be little doubt that this represents the ancestral condition 
retained by the class till a date later than that at which the modern lines of 
Mammalian descent had become differentiated” (p. 77). 

The jugal typically joins the zygomatic process of the maxilla in front and 
the zygomatic process of the squamosal behind, thus completing the zygomatic 
arch. Apart from these relations, however, it may also establish relations with 
the lacrimal, alisphenoid and frontal (see WEBER 1927 and 1928 and Stapt- 
MULLER 1936). 

The jugal is peculiar in that it shows a tendency in some Mammalian orders 
to grow progressively and in others to retrogress. HOGBEN (1919) commenting 


‘ 


on the progressive reduction of the jugal in Mammals speaks of the “general 


tendency among the Mammals for the displacement of the jugal without 


apparent reference 


to function at all” (p. 73). 


That the state of development of the zygomatic arch is closely associated 
with the “energy and character of the masticatory process’ (SLADE) is no 
doubt true, but why the jugal should become pushed out of the composition 
of a zygomatic arch which has not lost its function at all, as is well exemplified 
by Monotremes and Chrysochloridae, remains completely unexplained. In the 
Monotremes, Ornithorhynchus presents the more primitive condition. The 
jugal, being completely absent in Echidna, is represented in the juvenile 
Ornithorhynchus by a minute element in the anterior upper part of the zygo- 
matic arch where it subsequently becomes completely fused with the maxilla. 
It does not, however, contribute in any marked degree to the formation of the 
zygomatic arch which is complete, but formed by the extensive maxillary and 
squamosal ZV matic processes only. 


In Marsupials the zygomatic arch presents a marked contrast to the con- 
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dition prevalent in Monotremes. It is always complete and strongly built and a 
very well-developed jugal forms its main constituent. 

In Chrysochloridae the slender but complete zygomatic arch bears a super- 
ficial resemblance to that of the Monotremes, the jugal apparently being com- 
pletely absent. It differs, however, in that the squamosal does not in the least 
participate in the formation of the arch. Tracing the development of the 
Chrysochlorid zygomatic arch, it was found that the so-called zygomatic pro- 
cess of the maxilla ossifies from an autogenous centre, which fuses with the 
rest of the maxilla at an early stage. 

This strongly suggests that the entire arch, which is formed from this 
centre, is not part of the maxilla at all but actually represents a well-developed 
jugal. If this is the case, then the resemblance to the Monotreme condition, 
though superficially close, would actually be very remote. On this interpretation 
the Chrysochloridae would appear to be specialised, but in a manner very 
divergent from the Monotremes. 

In both the Tupaiidae and the Macroscelidae the zygomatic arch shows a 
composition not much different from that of the Marsupials—the jugal being 
constantly present and rather well-defined. Amongst the typicai Insectivores 
the Erinaceidae and Talpidae are held to present a condition of the zygomatic 
arch not unlike the primitive Mammalian condition: the arch being complete 
but the jugal small. 

A degenerative tendency in the jugal is already noticed in some members 
of the Erinaceidae (Erinaceus europaeus Fawcett and Erinaceus micro ptus 
ANDERSON and LECHE). The Centetidae, Solenodontidae and Soricidae present 
a further advance along this line of specialisation, the zygomatic arch being 
incomplete or even entirely absent due primarily to the reduction of the jugal. 
In the Centetidae a rudimentary jugal was found to be represented by the 
short zygomatic process of the maxilla (LEIMGRUBER 1939 and Author). In 
the Soricidae and Solenodontidae even a rudimentary jugal seems to be lacking. 

Amongst the remaining orders of Mammals the jugal shows definite 
degenerative changes in the Xenarthra (see WEBER 1928, p. 195), and also 
in the Manidae, in the latter group of which its reduction may be accounted 


for by the poorly developed muscles of mastication. 


HI. TAXONOMIC CONSIDERATIONS. 


1. Suncus orangiae and Setifer setosus: The systematic 
position of Suncus and Setifer as belonging to the typical Insectivores has 
never been questioned. That they represent related forms, or at least members 


of the same Order, is clearly demonstrated by the development of their 
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chondrocrania and by the comparison of these with other members of this 
Order which have already been investigated. 
Thus far the cranial development of the following Insectivores have been 
1. Talpa europea (Talpidae), has been thoroughly investigated 
K. PARKER (1885) and subsequently by FrscHer (1901), Noor- 
DENBOS (1905) and Fawcett (1918). Broom (1915) described the anterior 
paraseptal cartilages and Dawes (1930) studied the segmentation of the Mole’s 
head. 2. Sorex vulgaris (Soricidae), has been studied by W. K. PARKER 
(1885), Levi (1909 a and b), pE BEER (1929) and ArRNBACK CHRISTIE-LINDE 
(1907). 3. Suncus orangiae (Soricidae) has been investigated by the author. 
4. Erinaceus europaeus (Erinaceidae), has been thoroughly investigated by 
W. K. Parker (1885), Fawcett (1918) and MICHELSON (1922). 5. Tenrec 
ecuadatus (Centetidae), has been studied by LEIMGRUBER (1939) and PARKER 
(1885). 6. Setifer setosus (Centetidae), has been investigated by the author. 
PARKER (1885) described the adult skull. 

From the information gained by the above-mentioned “investigations it is 
clear that the cranial development of the typical Insectivores has several points 
in common which separate them into a distinct and homogeneous group. 

The main points of importance are: — 1. The chondrocranium in all the 
typical Insectivores is relatively straight as compared to the bent type of other 
Mammals. This is mainly due to the fact that the lamina hypophyseos in 
early ontogeny does not fuse with the ventral aspect of the anterior extremity 
of the planum basale but with its anterior tip. 

2. The dorsum sellae is always ill-defined and the fossa hypophyseos shallow. 
This feature can be traced back to the mode of fusion of the lamina hypo- 
physeos with the planum basale. 

3. The basicochlear fissure shows a tendency to become reduced and obliter- 
ated. In both Sorex and Erinaceus it is completely obliterated although pre- 
sent in the procartilaginous stage of the chondrocranium. In Suncus and Talpa 
the fissure is subdivided into anterior and posterior divisions by the anterior 
chordo-cochlear commissure; the posterior division of the fissure becoming 
obliterated very soon in Talpa. In the Centetidae the fissure is very narrow 
but still complete. 

4. The inferior occipito-capsular fissure also shows a tendency to become 
reduced in size. In the primitive Erinaceidae it is still well-developed, but in 
the Talpidae it is much suppressed, and completely obliterated in the Soricidae. 
In the Centetidae the fissure has lost its separate identity by fusing above 
with the superior occipito-capsular fissure. 


5. A primary suprafacial commissure and foramen are always present. Simi- 


larly, a foramen faciale secundarium and secondary suprafacial commissure 


seems to be almost constantly present, having been described in the Talpidae, 
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Soricidae and Centetidae. In the primitive Erinaceidae, however, it is. still 
deficient. 


6. The alicochlear commissure is constantly present and well-developed. 


7. The ala temporalis, except in Talpa where it arises in continuity with 
the central stem, displays an autogenous chondrification centre. The pterygoid 
process of the ala temporalis is also constantly present, except in Talpa. 

8. The ala orbitalis is remarkable in several respects: Firstly the ala hypo- 
chiasmata, if not entirely absent, is always small; secondly the pre- and post 
optic roots of the ala orbitalis, being complete, are always slender; and thirdly 
the optic foramina are small and slanting and relatively far laterally placed 
due to the presence of a short common stem which attaches the two optic roots 
of the ala to the pars trabecularis of the central stem. (In Erinaceidae this 
stem is ill-defined and in Sorex vulgaris it was reported absent due to a 
secondary fusion of the apex of the ala orbitalis to the cupula posterior of the 
nasal capsule. ) 

g. The anterior paraseptal cartilage is always of a rather specialised type 
with a slender anterior attachment to the lamina transversalis anterior, a 
strongly laterally recurved vertical lamella which affords ample protection for 
Jacobson’s organ and an “outer bar’? which seems constantly present. Its time 
of appearance, however, and its subsequent resorption is subject to consider- 
able variation amongst members of this group. 

10. A cartilago ductus nasopalatini, developing from the anterior paraseptal 
cartilage and completely fused with it for the support of the nasopalatine duct, 
is nearly always present. In the Erinaceidae it is, however, rather ill-defined 
and in the Centetidae entirely absent. 

11. A processus opercularis, surmounting the anterior part of the pars 
canalicularis, is present and well-defined in the more specialised Insectivores— 
Soricidae and Talpidae—but is absent in the primitive Erinaceidae and also 
in the Centetidae. 

12. The zygomatic arch, if complete, displays a small and ill-defined jugal. 
The arch is complete only in the primitive Erinacidae and in Talpidae, being 
deficient in the Centetidae and completely absent in the Soricidae. The jugal 
shows a simultaneous and parallel reduction, being rudimentary in the Cen- 
tetidae and almost constantly absent in the Soricidae. 

13. The adult basicranial axis is of the more specialised Mammalian type, 
being composed of the three primary elements found in Therapsid Reptiles, 
viz basioccipital, basisphenoid and sphenethmoid (mesethmoid). In addition 
the orbitosphenoids invade the central stem between the basisphenoid and 
sphenethmoid (mesethmoid) as the presphenoid. 

14. The fenestra hypophyseos tends to remain patent until relatively late 
in ontogeny. This is most marked in the Erinacidae but less so in Talpidae 


and Soricidae. In the Centetidae, however, the fenestra hypophyseos is oblit- 
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erated at a very early stage of development as is also the case in the Mac- 
roscelidae and Chrysochloridae. 

While the Erinacidae, Talpidae and Soricidae seem to represent successive 
stages in the specialisation of the chondrocranium, the Centetidae and Sole- 
nodontidae (which need further investigation) seem to represent a divergent 
line inside the Insectivores. They retain several primitive features, the most 
important being: I. The retention of a complete basicochlear fissure. 2. The 
entire absence of a cartilago ductus nasopalatini. 3. The primitive condition of 
the fissura metotica, processus recessus and associated structures. 4. The 
absence of a processus opercularis. 

Furthermore the very early obliteration of the fenestra hypophyseos and 
the development of a pair of well-defined basisphenoidal tympanic wings seem 
to indicate that the Centetidae, although typical Insectivores, have diverged from 
the common line of specialisation at a relativly early stage in the phylogenetic 
history of the group (see fig. 69). 

2 Eremitalpa granti: In studying the development of the skull 
of the Golden Mole one cannot help to note the marked deviation in many 
important respects from the development and characteristic features of that 
of the typical Insectivores. Most important amongst these are the following. 


Unlike Insectivores, the central stem is markedly flexed in the region 


of the dorsum sellae thus rendering the dorsum sellae more conspicuous and 
the fossa hypophyseos well-defined. This feature is not characteristic of the 
Golden Mole but it obtains in most other Mammalian Orders. 

2. The alicochlear commissure dose not develop, being not even preformed 
in procartilage or blastem. This feature seems to represent a specialisation 


parallel to that encountered in most Primates. 

‘he recessus scalae tympani, foramen perilymphaticum and fissura meto- 
tica display primitive Monotreme and Reptilian features. The processus re- 
cessus 1s absent in younger stages of development, and in older stages, although 
present, it is ill-defined so that the recessus scalae tympani remains extra- 
capsular, the fissura metotica undivided, the apertura medialis of the recessus 
scalae tympani and the fenestra rotunda undefined, and the foramen peri- 
lymphaticum opens directly to the exterior of the auditory, capsule. 

4. The parieto-occipital commissure is deficient, but in this region the 
supraoccipital cartilage bears an extensive anteriorly directed wing, which, in 
later development, ossifies from an autogenous centre, resulting in the forma- 
tion of an extra bony element (tabular?) in the adult skull. 

5. A foramen faciale secundarium is not isolated by the development of a 
secondary suprafacial (lateral prefacial) commissure. 


6. The ala temporalis and also the alisphenoid which arises from it are 


rather slender and steeply inclined dorsally, so that when completely ossified 


it still resembles the primitive columella cranii closely. 
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7. The ala orbitalis shows rather primitive relations in that the ala hypo- 
chiasmata is extensive but never acquires direct communication with the rest 
of the ala orbitalis because the pre- and post optic roots remain entirely 
deficient. The orbitosphenoid ossification emanates from the ala hypochias- 
mata only. 

8. The anterior paraseptal cartilage is primitive in that it remains attached 
to the lamina transversalis anterior by a broad vertically placed lamella; fur- 
thermore it is only slightly recurved laterally for the protection of Jacobson’s 
organ, so that the cartilage as a whole is little more than a vertically placed 
cartilage lamella. An ‘‘outer bar” may appear during later development. 

g. A small cartilago ductus nasopalatini is present in the older embryonic 
stages, but it remains separate from the anterior paraseptal cartilage. 

10. The adult basicranial axis is very primitive in that it is composed of 
three elements only as in Therapsid Reptiles; these elements being the basi- 
occipital, basisphenoid and sphenethmoid (mesethmoid), The orbitosphenoids 
do not enter into the formation of the adult basicranial axis as is commonly 
the case in other Mammals. 

11. The zygomatic arch is rather specialised being composed entirely by the 
jugal. The maxilla and squamosal take no part whatsoever in its formation. 
(further developmental evidence from other members of the Chrysochloridae 
is needed to settle this point finally.) 

12. A rudimentary surangular is believed to be present near the posterior 
end of Meckel’s cartilage and closely associated with the prearticular (Broom, 
Cooper etc.). This point also needs further investigation before arriving at 
any definite conclusions. 

13. The head of the malleus is enormously enlarged in many, but not all 
members of the Chrysochloridae, much more so than in any other Mammal. 

14. The basicochlear fissure is present and well-defined. 

From the above evidence it is clear that the Chrysochlorids, as far as their 
cranial morphology is concerned, form a definite unity sufficiently different 
from the typical Insectivores and any other Order of Mammalia to fully 
justify their inclusion in an entirely separate Order. 

This alteration in the systematic position of the Golden Moles as “‘Insec- 
tivores” has already been strongly advised by Broom (1915 and 1916) and as 
long ago as 1883 Dosson suggested their “early phylogenetic separation” 
from other Insectivores, amongst which Centetes was held to be their nearest 
ally. 

That this Mammalion Order 1s very primitive in several respects is beyond 


dispute. Indicative of its primitiveness are: 1. The composition of its basi- 


cranial axis. 2. Its rudimentary processus recessus and associated structures. 
3. The absence of a secondary facial foramen. 4. The primitive nature of both 


the ala orbitalis and ala temporalis. 5. The unmodified anterior paraseptal 
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lage. 6. The presence of both a surangular and a tabular (of questionable 


carti 
nature). 

In spite of these primitive characters the specialised habits of the Golden 
Moles have lead to their rapid specialisation along lines divergent from any 
other Mammals. In their cranial morphology this tendency is weil reflected by 
the shape of the skull as a whole—short and broad with enlarged brain case 
and with short but stout nasal region. Furthermore the composition of the 
zygomatic arch, the large head of the malleus and the absence of the tensor 
tympani muscle, the absence of alicochlear commissures, the presence of an 
extra ossification centre in the supraoccipital cartilage (tabular) and_ the 
reduction of the delicate nasal cartilages all point in the same direction. 

Taking the Golden Moles as a whole we find that they form a specialised 
group, which, because of their divergent modifications, are difficult to ally 
to any other Mammalian Order. That they have, however, become isolated 
from remaining Mammals, presumably from the ancestral Insectivore stock, 
at a very early period is unquestionable as they still retain several of the most 
primitive Mammalian features in their skulls. 

3. Elephantulus myurus jamesoni: Taking Elephantulus as 
an example of the Macroscelidae we find that the chondrocranium is typically 
like that of Placental Mammals and bears no close resemblance to the charac- 

tic Marsupial chondrocranium. The Marsupial affinities recognised by 
PARKER (1885), ELLiot, SMITH (1902), GREGORY (1910) and Broom (1902, 
1915 a and b) are to be regarded as perhaps of secondary, and definitely of 
subordinate importance. 

The most characteristic features of the Macroscelid chondrocranium can 
be briefly summarized as follows: 

1. The central stem of the chondrocranium, during the earlier developmental 
stages, shows a marked flexure in the region of the dorsum sellae. In this 
respect thus, it contrasts sharply with the typical Insectivores and resembles 
the Chrysochloridae. This flexure, however, rapidly straightens out during 
later development so that, as in typical Insectivores, the dorsum sellae 1s 
inconspicuous and the fossa hypophyseos shallow. 


2. The fenestra hypophyseos becomes obliterated very early in ontogenetic 


development, unlike the typical Insectivores, yet resembling the Chryso- 
i 


r1dae. 
The secondary suprafacial commissure (lateral prefacial commissure) 1s 
icient as in the Chrysochloridae. 
4. The inferior occipito-capsulare fissure is present but very narrow. 
5. The basicochlear fissure is present and not subdivided. 
6. The alicochlear commissure is present and well-defined. 


7. A processus tympanicus petrosi caudalis as well as a rostral entotympanic 
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and possibly a caudal entotympanic are present and partake in the formation 
of the osseous bulla. 


8. The ala temporalis displays a foramen alisphenoidale only. Furthermore 


it bears a very conspicuous pterygoid process which arises ontogenetically from 


a Separate centre. 

g. A processus tympanicus allisphenoidei appears in later development. 

10. The ala orbitalis displays thick and well-defined pre-and post optic 
roots which attach, independantly of each other, to the pars trabecularis of the 
central stem; they bound a very large optic foramen. The ala hypochiasmata, 
which is absent in later development, is present in blastem only. 

11. The anterior paraseptal cartilage 1s of a relatively primitive composition, 
being attached in front to the lamina transversalis anterior by a wide base. 
furthermore, the vertical lamella is only slightly recurved laterally. An “outer 
bar” is present and well-defined. A cartilago ductus nasopalatini is entirely 
absent. 

12. The zygomatic arch is complete and strong and a well-developed jugal 
participates in its formation. 

13. As in the typical Insectivores, the adult basicranial axis is composed of 
four elements, viz: the basioccipital, basisphenoid, presphenoid (derived from 
orbitosphenoids) and the sphenethmoid (mesethmoid). 

14, An opercular process is absent. 

In comparing the chondrocrania of the Tupatidae (HENCKEL 1928) with that 
of the Macroscelidae one is bound to admit that the similarity is indeed so strik- 
ing that any effort to split up the Menotyphla and separate the Tupaiidae, 
from the Macroscelidae is artificial. It will be recalled that LE Gros CLARK 
(1932), who, like Simpson (1931) abandons the distinction of Lipotyphla and 
Menotyphla, separates the Tree-shrews and Elephant-shrews placing them in 
separate super-families. This is done because: ‘‘it would be difficult to conceive 
two small Mammalian brains which are more fundamentally different and 
divergent in their structure than those of Macrosceledes and Tupaia”. 

CARLSSON (1909 and 1922) likewise expressed the opinion that the Tupatidae 
and Macroscelidae are no near allies and she therefore provisionally links the 
Macroscelidae to the Erinaceidae, regarding the Tupatidae (1922) as a sub- 
order of the Prosimiae. This view, however, cannot be supported on data 
derived from the development of the skulls in these forms. 

The chondrocrania of the Tupaiidae and Macroscelidae differ only in a few 
minor respects of seemingly little significance. They are the following: 

1. The anterior paraseptal cartilage in the Tupatidae is slightly more spe- 
cialised than in the Macroscelidae. An ‘‘outer bar” is absent in Tupatids accord- 
ing to HENCKEL (1928) but this does not signify that it will not appear in 
later development, furthermore the ‘‘outer bar’ seems to be devoid of any 


taxonomic significance (vide Supra). 
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2. The ala temporalis in Tupaiidae does not display a separate foramen ali- 
sphenoidale, neither is a processus pterygoideus developed. This latter process, 
however, being exceptionally well-developed in Macroscelids, arises in this 
latter group from an autogenous centre and fuses with the rest of the ala 
temporalis relatively late. Moreover, it is closely associated with the pterygoid 
cartilage, and it 1s therefore possible that in the relatively young specimen of 
Tupaia javanica investigated by HENCKEL this process was not yet fused with 
the ala temporalis but closely associated with the pterygoid cartilage. 

3. The occipito-capsular fissures are more compressed in the Tupaiids than 
is the case in the Macroscelidae. 

4. The orbito-parietal commissure which, in the Tupaiidae is still complete, 
is deficient in the Macroscelidae—a difference of very little, if of any, phylo- 
genetic significance. 

5. The composition of the auditory bulla in the Tree- and Elephant-shrews 
is slightly different. In the former it is formed for the greater part by the 
entotympanic, being supplemented only in minor degree by the alisphenoid and 
perhaps the basisphenoid (VAN DER KLAAUW 1929), whereas in the Macro- 


SCel1 


lae the bulla is formed by the two entotympanics (caudal and rostral) 
supplemented by the alisphenoid, basisphenoid, petrosum and tympanicum 
(ectotympanic). 

Morphological evidence accumulating in the last 30—40 years (GREGORY 
1910, 1930; KAUDERN I910; VAN KAMPEN 1904; CARLSSON 1922: LE Gros 
CLARK 1924 a—b, 1925, 1926, 1932, 1934; SIMPSON 1931 a—b; SCHWALBE 
1923; OSSENKOPP 1925; SMITH 1927) have all pointed towards a closer 
alliation between the Tupaiidae and primitive Primates than was previously 
believed to be the case. So conclusive was the evidence in some respects that 
CARLSSON (1922), Woop JoNEs (1929) and Le Gros CLARK (1934) thought 
it reasonable to finally remove the Tupaiidae from their associations with the 
Insectivores and to include them among the Primates of which they were 
believed to represent extremely primitive forms. 

Opinions to the contrary, however, have also been expressed by LOoRENz 
(1927), HeENCKEL (1928 a—b), VAN DER KLAAuW (1929). These authors find 
sufficient evidence, particularly from the cranial development (HENCKEL and 
VAN DER KLAAUW) to support the classical alliation of the Tupaiids with the 
Insectivores. 

‘rom our own investigation into the development of the Macroscelid skull, 


which resembles that of the Tupatidae very closely (vide Supra), we are con- 


vinced that it was impossible for a Primate skull to have developed from this 
I 


in many important respects, proves to be already on the In- 
ine of specialisation. HENCKEL (1928, p. 226) expresses the follow- 


ing opinion: “Nach allen unseren morphologischen Vorstellungen muss es als 
vollig ausgeschlossen gelten, dass, wenn die Schadelentwicklung einmal so 
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weit in eine bestimmte Richtung—Tupaja—gelenkt ist, sie noch in der Lage 
ist ein Endergebris zu liefern, das—Primatenschadel—eine vollige andere 
Genese voraussetzt”’. 

It is unnecessary to discuss the morphological evidence dealt with by 
HENCKEL anew, but our own investigation into the Macroscelid skull, as well 
as that of VAN DER KLAAUW (1929) supports this view very strongly. 

The seemingly close affinities which the adult skulls of the Tupaiids and 
Lemuroids display (GREGORY 1910) are due, as it seems, for the greater part 
to parallel modifications on account of their arboreal habits. 

Regarding the affinities of the old Menotyphla with the typical Insectivores 
our investigations have led to the following conclusions: 

The relatively straight stem of the chondrocranium with the associated 
depression of the dorsum sellae and fossa hypophyseos in the Tupatids and 
Macroscelidae as in the Insectivores, seems to signify that this is a relatively 
old feature of the Insectivore chondrocranium which it shares with the Meno- 
typhla but which arose after these have become distinct from the Primates ard 
also from the Chrysochloridae. Also the general shape and outline of the 
chondrocranium of the Menotyphla is not at all unlike that of Insectivores, 
but it contrasts sharply with that of the Primates where the nasal region is 
much reduced and the cranial cavity expanded. 

That the Menotyphla became separated from the primitive Insectivore stem 
very early and then developed along divergent lines, is strongly suggested by 
the following evidence: 

1. The zygomatic arch in the Tupatidae and Macroscelidae is strongly built 
and unlike Insectivores, which shows a degenerative tendency of the arch and 
of the jugal in particular, the jugal in these forms is very well defined and 
shows progressive development, forming the greater part of the arch and 
even encroaching on the glenoid cavity in some forms. 

2. The tympanic region and the development and composition of the auditory 
bulla in Tupaiids and Macroscelidae show that they represent a divergent line 
of development which has become separated from the Insectivore line very 
far back in their phylogenetic history. 

3. The ala orbitalis of the Tupaiids and Macroscelidae is in every respect 
different from that of all typical Insectivores. The pre- and post optic roots 


of the ala orbitalis are very well developed, join the pars trabecularis separately, 


t 
and bound a large and spacious optic foramen; the ala hypochiasmata is miss- 


ing. As a consequence we find that the optic foramen, which in typical In- 
sectivores has the shape rather of a small slanting canal floored by the ala 
hypachiasmata and placed relatively far laterally, is in the Tupatidae and 
Macroscelidae a large straight-forward foramen without any floor and placed 
directly next to the central stem. 


4. The cochlear capsules in Tupaia and Macroscelides converge more 
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_ Soricidae strongly anteriorly than is the case in 


Centetidae 
_ Talpidae. 


‘ si any of the typical Insectivores. Conse- 
rinacel 
quently the anterior part of the planum 


Primates i 
Macroscelidae. ° 
basale is much narrower and more com- 


Tupaiidae 

pressed in these, while the lamina hypo- 
physeos seems to be relatively much 
wider and the internal carotid foramina 


Chrysochloridae. farther laterally placed. 
Insectivora 
;. This being the main evidence indicat- 
ing the separate identity of the old 


Menotyphla, there are other primitive 

features in the chondrocranium which 

distinguish them from the general trend 

of the Insectivore line of specialisation. 

Most important amongst these are; I. 

_ The absence of a secondary facial for- 

Diagramatic representation of 
ible affinities of the Primates, 
Menotyphla and Golden tention of a_ well-define: 
Moles 


amen and suprafacial bridge. 2. The re- 


basicochlear 
fissure. 3. The relatively primitive form 
of the anterior paraseptal cartilage. 4. The very early obliteration of the 
fenestra hypophyseos. 
The development of the skull, therefore, supplies ample justification for 
the Menotyphla as a separate Order, distinct from, but allied most 
y to the Insectivores. 
In conclusion we arrive at the general decision that the polymorphic Insec- 
s classical form, is no longer tenable as such. The Chry- 
» be placed in a separate Order which is believed to have 
1ated from the very primitive Mammalian stock even before 
Insectivores became distinct. 
re, the Menotyphla are separated from the Insectivores and put 
ite Order by themselves. They are however, believed to have become 
the primitive Insectivore stock long after the Primates became 
it. The Insectivore Order, thus, as we hold it now, comprises 
ld Lipotyphla of HAECKEL, except that the Chrysochloridae have 
excluded. 


put forward above is summarized in the above standing diagram 
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a.ccom. arteria carotis communis. ust. arteria stapedialis. 
a.ct. arteria carotis interna. stap. arteria stapedialis 
ah, ala hypochiasmata. it, atrioturbinal. 

ato, arteria infra-orbitalis, hamm. branch of arteria meningea media 
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lissura occipito-capsularis poste- fa. foramen for artery. 
ai, foramen acusticum inferius. 
rietalis fals. foramen alisphenoidale, 
ira parieto-capsularis fas. foramen acusticum 
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genf. ventral groove in cartilago ductus 
nasopalatini for nasopalatine duct. 

yg. Gasserian ganglion. 

ganglion geniculi. 

gland. 


JSpn. greater superficial petrosal nerve. 


glandula nasalis lateralis. 
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hp. hypophysis. 
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lam. internal auditory meatus. 
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incomplete taenia postoptica 


Jo. Jacobson’s organ, 
lac. lacrimal bone. 
lal, lamina alaris. 


L.cr. 
lhy 


lamina cribrosa. 
lamina hypophyseos. 
lic. lamina infraconchalis. 
liv. lateral jugular vein. 
liv. lateral limb of vomer. 


lmt.mx. line of fusion between maxillo 


turbinal and maxillary bone. 
lower nerve to saccule. 


ins 


lob. ligamentous “outer bar”. 
lamina spiralis, 
lsc. lateral semicircular canal. 


lsp 


lesser superficial petrosal nerve. 
lamina transversalis anterior. 
Itp. lamina transversalis posterior 
m, malleus. 
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sac. saccule. internal carotid artery 
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- and Entopte rygoid 


INTRODUCTION. 


The systematic position and phylogenetic relations of Polypterus have been 
the subject of varying interpretations since HUXLEY (1861) established the 
group he named Crossopterygii for Polypterus and Ostcolepis. POLLARD 

1891) has tried to trace the relationships of this fish on one side to the most 
archaic Selachii and on the other to Stegocephalians and Amphibians. Goop- 
RICH has demonstrated in various papers that Polypferus, according to his re- 
sults, is more nearly related to the Actinopterygians than to the Osteolepids 

1908, 1909 and 1919). Later he has emphasised the close resemblance 
‘alaeoniscids (1928), an opinion that has been maintained by several 

‘authors. Thus, Moy-Tuomas (1933, a and b) considers Polypterus to be 

“specialised Palaeoniscid which has survived to the present day’. Recently 
JARVIK (1943 and 1947) has called to life HUXLEy’s original opinion of Poly- 

erus being a Crossopterygian, only more specifically a Coelacanthid, or at least 

ore closely resembling these fishes. 

A great obstacle to an understanding of many features in the adult Poly- 
terus has been the lack of suitable embryological stages. BUDGETT’s in so many 
ways epoch-making material comprised, apart from very young stages, only 

imens where the skull is already practically formed, and not only the 


lrocranium but unfortunately also the dermal skull. The structure of the 


t 


nade Huxley once establish the group Crossopterygians, but it seems to 


‘mblance of the skull of Polvpterus to the Coelacanthid 
the present day classification of this fish amongst the 
and a shortage of embryological evidence has left the field 

for surmises, impossible to refute in earnest. 


author has had the opportunity of examining a series of com- 


) 


specimens of Polypterus senegalus collected by the swedish 

by Dr. Gustav Svensson. Whereas the smallest 

in BupcGett’s collection measured 30 mm, the 

SVENSSON’s measured only 24 mm and is, thus, the youngest Poly- 

galus so far known above BUDGETT’s 9.3 mm specimen. It proved to 
age when many af the dermal bones in the skull were forming. 

stigation has been carried out in the Zootomical Institute of the 


of Stockholm. The voungest stages measured 24, 27 and 29 mm 
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respectively, but besides those a number of stages of different length have been 


available. I'urther two specimens of P. bichir 45 and 125 mm in length as well 


as one of P. lapradei measuring 80 mm have been used. All specimens were 


excellently fixed in Bourn’s fluid and in very good condition. They have been 


laid in complete series of transverse sections of 7 to 8 my in thickness. 


NOTES ON THE CHONDROCRANIUM. 


The chondrocranium of the 24 mm 
specimen, the youngest at hand, differs 
only in some insignificant details from 
the cranium of BUDGETT’s 30 mm spe 
cimen_ re-described by Moy-THomas 
(1933). Thus, for instance, the epi 
physeal bridge is not yet closed in the 
24 mm specimen (fig. 1). 

The rostral projection seems to be 
more sharply modelled in the 24 mm 
specimen (fig. 2) than is shown by the 
reconstruction as represented by Moy- 
THOMAS in the 30 mm. As a matter of 
fact, it has the same shape in later 
stages as well (figs. 3 and 4). 
author has thus been unable to corro 
borate LEHN’s (1918) statement that the 
rostrum is divided into a dorsal and a 
ventral process surrounding the ethmoi 
dal cross commissure of the infraorbital 


sensory canal. The author has also ex- 

Fig. 1. Polypterus senegalus, 24 mm 
Chondrocranium in lateral view (24X1) 
and the same length (76 mm) as LEHN _ Striped areas, chondral bones. For letter 
ing, see p. 454. 


amined a specimen of the same species 
(fig. 4) without having been able to 
discover any division of the rostral process. A slight indentation is found in 
the adult specimen of Polypterus bichir represented by ALLIs (1922), and is 
probably due to the development of the rostral bone. 

LEHN’s statement is quoted by DE BEER (1937) and more recently by JAR- 
VIK (1942), who discusses the morphological value of the two alleged rostral 
processes. The question of the rostrum has a certain morphological interest as 
in, for instance, Chlamydoselachus the rostral commissure of the infraorbital 
canal runs ventrally to the rostrum, but, in Actinopterygians (including Poly- 


pterus) dorsally. In a 42 mm Acipenser, examined by the author, the commissure 
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trum, although in old specimens (ALLIS 1904) 

the anterior end of the rostrum. In still younger 

lies anteriorly and slightly dorsally to the tip of the 

a certain movableness of the rostral canal. The 

the chondrocranium, and its position in the anterior 

snout allows a course dorsally to, ventrally to, or even through the 


1 


, the rostral tissue in the last case having grown round the canal. JArR- 


has attached a certain importance to the question of the existence of a 


‘dorsal’ or a “‘ventral’’ rostral process in Polypterus Notwithstanding the 
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Fig. 4. Polypterus senegalus, 76 mm, Chondrocranium, lateral view 


fact—as shown by the present author—that there is no divided rostrum in this 
fish the question of a ‘‘dorsal” or a ‘‘ventral’” rostrum is no problem at all, as 
it is simply reduced to the question of the course of the rostral canal. 

In Euporosteus, a fish JARvik refers to for the alleged resemblance 
between Polypterus and the Coelacanthids (l.c., p. 609) the rostral canal crosses 
the tip of the snout in a groove, but, a rostrum can hardly be said to exist in 
this fish. 

JARvIK also mentions (lc., p. 260) that the foramen for ramus buccalis 1s 
to be regarded as a part of the so-called fenestra endonarina communis 
“bounded off from this fenestra comparatively late during the embryonic 
development”. The reason should be that the foramen is not shown in the 
Moy-TuHoMAs reproduction of the 30 mm specimen whereas it is to be seen 
in LEHN’s reconstruction of a 76 mm specimen. As a matter of fact this for 
amen exists in a 30 mm specimen, even in a 24 mm specimen (fig. 1), but 1s 
situated so far ventrally that it does not show in a profile reconstruction. 


The branchial skeleton in the adult has been dealt with thouroughly by ALLIs 


(1922), and in addition Moy-THomas (1933) has given a brief account 


followed by schematic diagrams of the 30 mm larva from BupDGETT’s collection. 

The conditions seem to be practically the same in the present 24 mm specimen 
as in the 30 mm larva described in Moy-THomas’s paper. The arches are 
ossified to a great extent but chiefly their proximal portions. 

There are only some observations concerning the development of the epi 
branchials of the first arches that may be considered to be of some interest, as 
Moy-THomas has not gone into details about these parts of the branchial 
skeleton. 

In the 24 mm larva the distal end of the first branchial arch is not yet 


ossified (fig. 5). It turns mediad and slightly dorsad. The epibranchial is turned 
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rostro-ventrad and articulates against the cerato-branchial. On the anterior 
surface near the proximal end of the epibranchial is a deep indentation or 
groove for the efferent branchial arteria. The infra-pharyngo-branchial follows 
rostrad on the epibranchial. It is directed rostrad and mesiad and does not get 
into contact with the skull. There is no trace so far of any supra-pharyngo- 
branchial. In a 37 mm specimen (fig. 5) the epibranchial has developed a 
lateral process which articulates against the auditory capsule. This process is 
the future supra-pharyngo-branchial. The infra-pharyngo-branchial is_ still 


entirely free but is now pointing rostro-ventrad in an angle of 45°, as does 
the epibranchial. 
In later stages the supra-pharyngo-branchial grows out still more and attains 
st the length of the infra-pharyngo-branchial. Both ossifie separately 
while the epibranchial often remains cartilaginous even in the adult. Hence the 
description by ALLIs (1922) is understood where the pharyngo-branchial of 
the first arch (in his fig. 16) is the infra-pharyngo-branchial and what he 
‘alls the epibranchial of the first arch is the supra-pharyngo-branchial. The 
epibranchial is what ALLis describes as ‘‘an independent bit of cartilage inter- 
posed between the epibranchial and ceratobranchial”’. 
lhe ontogenetical development of of the supra- respectively infra-pharyngo- 


branchials in Polypterus is thus the same as in Amia (HOLMGREN 1943) and 


steus (HAMMARBERG 1937). 


CARTILAGE BONES 


in the neural cranium are the sphenoid and_ the 
already developed in mm specimen (fig. 2). The 
sphenoid is formed as a perichondrial lamella in the wall of the orbita between 


posterior margi! the fenestra optica and the common foramen for the 


un oculomotorius and profundus. During the following stages ossification pro 


rresses very little caudad. In a 76 mm specimen (fig. 4) the posterior margin 


f the sphenoid surrounds the anterior half of the above-mentioned nerve 
Rostrad the bone has grown by mez F ossification of the con 

the fenestra optica. This fenestra is covered with 

imen, except in the anterior part. Dorsally the margin 

joined to the perichondrial bone forming on the 

larginalis. Ventrally the membrane bone is free 


al 


it the posterior margin of the optic foramen. There 


division of the bone in alisphenoid resp. orbitosphenoid elements, as 


by HoLMGREN—STENSIO with regard to older specimens. 


in the 37 mm specimen (fig. 3). It fuses with 
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Fig. 5. Polypterus senegalus. Branchial skeleton in 24 mm specimen (32X1). A. in dorsal 
view, B. in lateral view, C. dorsal end of first branchial arch in 37 mm specimen in 
lateral view, D. in dorsal view (20X1). 


the dermosphenotic already developed. The ectethmoid and the opisthotic are 
visible first in a 76 mm specimen (fig. 4). 

In the 37 mm specimen a thickening of the perichondrial lamella is seen 
round the posterior margin of the trigeminus foramen (fig. 3). This is the 
position of a prootic. Already in slightly older specimens (45 mm and older) 
there is no trace of an ossification visible and in the adult there is no prootic. 
The transitory appearing prootic rudiment during the ontogeny may be inter- 
preted either as the remains of an earlier existing independent bone, or, more 
probably the remnant of a formerly uniform ossified endocranium as in the 
Palaeoniscids. 

Professor Nits HoL_MGREN has kindly informed the author that he dis- 
covered a prootic rudiment of the same shape and in the same position in a 
series of a 30 mm specimen of Polypterus lapradei he had the opportunity of 
examining. 

in the young larvae there are no ossifications in the Meckelian cartilage. 
lirst in the 76 mm specimen a cap-like perichondrial ossification begins to 
form round the anterior end of the Meckelian cartilage. It is the mento 
mandibular bone. 

The same applies to the articular. In a 45 mm specimen there are still no 
signs of this bone, but in a 76 mm specimen a perichondrial lamella has formed 
round the posterior end of the cartilage. Rostrad the ossification reaches as 


far as to the level of the fifth mandibular pore. In a 101 mm specimen ossi 
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fication has not progressed any 
more rostrad although the arti 
cular has formed large lamellae. 
The articular is everywher« 
separated from the angular 
splenial by connective tissue. 
The hyomandibular  (hyo- 
symplectic of some authors) is 
slightly falciform in young 
larval stages (fig. 2— 4). In 
the adult the proximal portion 
bent almost at right angles 
to the distal half. It seems 
probable from the position of 
the accessory hyomandibular 
bone (fig. 6) that the diffe 


rence in shape between the 


specimen, b. in 3 


larval and the adult hyoman 


(Tron 


(from NIELSEN), dibular is due to an actual 
bending of the hyomandibular 
bar. It has an almost vertical 
position in larval stages but in 
the adult is more or less 

ange in the shape of the hyomandibular may be due to the 
he cheek region (ct. p. 411). In Palaeoniscids the cheek region 


I shape from that in r ly pte rus The dorsal portion ot the cheek 


1 


ively short whereas the ventral portion is elongated in a rostro 
circumstance seems to influence the shape of the hyo- 
for the Palaeoniscid hyon andibular more clos ly resembles 
in Polypterus 

imen of Polypterus a perichondrial ossification has already 
cartilage, which it covers entirely except at the dorsal and 
thus very much as is the case in the adult. The accessory 
bone has also formed as a perichondrial ossification from the 
process of the hyomandibular bar. It has also developed the 

tic bone lamella outside the epihyal bone. 
The homologues of the different bones and of the cartilage itself including 
‘or processes have been dealt with by HOLMGREN—STENSIO 


whose conclusions entirely agree with the results of the 


1c ossified part of the hyomandible in larval specimens of Polypterus 


tion the resemblance to the Palaeoniscid hyomandible is 
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striking (fig. 6), not only as far as general shape is concerned but even reg: 


ing the posterior processes, the position of the nervus hyoideus—in 


Palaeoniscid hyomandibles marked by a groove in the posterior margi 


the process for the opercular cartilage—and the position of th 
hyomandibular. 

The Crossopterygian hyomandibula differs greatly from the Palaeoniscid 
and Polyplterus-) type. There is a dorsal and a ventral articulation head and 
the proximal portion of the bone is pierced by a canal, through which runs the 
‘anal for the hyomandibular nerve, whereas the distal portion has two lateral 


parallel grooves for the mandibular and the hyoid rami. 


THE SENSORY LINE SYSTEM. 


The sensory canal system has been described in detail by \LLIS (1900 and 
1922). As typical features may be pointed out the extremely regular arrange 
ment of neuromasts and pores, one pore always separating two neuromasts 
from each other; the comparatively low number of neuromasts in the canal 
system, not only on both sides of the same specimen, but, in every specimen 
examined, also, as far as the three different species examined are concerned 

The pit line system in the adult Polypterus has been described by ALi 
(l.c.), GERARD (1937), HOLMGREN (1942) and lately by JARvIK (1947), 
has examined a number of adult specimens and added two new lines 
ones recorded earlier. The author has discovered the same lines 
material independently from JARVIK. 

chiefly in the comparatively low number of sense organs in the various lines. 
The pit line in the snout, for instance, has more than 20 sense organs in the 
adult, according to JARVIK. In the 24 mm specimen there are only six on each 
side, and in the 37 mm specimen seven (fig. 7). 

The line on the snout is probably identical with the line described by the 
author in Gymnarchus (PEHRSON 1945), and there called the nasal line. It is 


called the tectal line by JARvIK (cf. p. 429 in this paper). In Polypterus as in 


Gymnarchus it is innervated by the nervus ophtalmicus superficialis (figs. 7 
and 8), according to the author’s observations. The writer suggested (1945) 
that the nasal pit line in Gymnarchus was the product of a differentiation of 
the nasal portion of the supraorbital sensory line, a suggestion founded on the 
ontogeny of an infraorbital line of pits in Esox (PEHRSON 1944). Although 
the innervation may speak for a similar explanation in Polypterus the problem 
is more difficult to solve definitely because the supraorbital canal in the 24 mm 
specimen is already formed, with exception of the portion that later will be 


1 


situated in the so-called terminal bone. This part of the canal is only to be 
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seen as an insignificant groove in the epithelium. The neuromast that belongs 
to the future canal is lying superficially and differs only in its size from the 
sense organs of the pit line. Possibly the examination of still earlier stages may 
provide material for an understanding of the ontogeny of the nasal line. 

The so-called anterior pit line of the head in the adult consists, according to 
JARVIK, of 4—7 sense organs. In a 24 mm specimen there are only two organs 
developed (fig. 17). At this stage the line has a slightly different position than 
in the adult. All records on the position of this line in the adult agree that it 
occupies an oblique position with the antero-lateral end close to the fifth pore 
of the supraorbital canal. In one of JARVIK’s specimens it is even placed still 
further back. In this young larval specimen the more antero-lateral of the two 
organs is placed immediately postero-medial to the fifth neuromast in the 
supra-orbital line which is the most caudal organ in the frontal canal which 
indicates a movement rostrad during the later ontogeny. The second ¢ 
besides, lies directly caudad to the first organ, the two organs forming a short 
longitudinal line. 

JARVIK’sS opinion is that the position of this line has a certain importance as 
it should recall the situation of the line in Osteolepiform Crossopterygians, 
whereas in Palaeoniscids a longitudinal groove is interpreted as this line. The 
present writer does not attach too much importance to the question of the line’s 
position, yet, it might be mentioned that the position of the line in the young 
larvae actually seems to point to Palaeoniscid conditions rather than to Cros- 
sopterygian. It has almost exactly the same position in a 37 mm specimen as 
in the 24 mm specimen. 

The line is innervated by the same branch of the facialis as the 6th supra- 
orbital neuromast (fig. 7). This nerve does not branch of from the ophtalmicus 
superficialis, but leaves the ganglion between the root of this nerve and the 
‘““dermosphenotic” branch. Four separate nerves take their origin from the 
dorsal portion of the ganglion, most rostrally the ophthalmicus superficialis, next 
to it the above mentioned nerve, further back the “dermosphenotic” nerve, and 
most caudally the otic nerve (fig. 7). 

The middle and the posterior pit lines form, apparently, one transverse lit 
in the 24 mm specimen (fig. 17), formed by three sense organs. As in the 
adult the line extends laterally to the 1oth pore of the infraorbital canal. In 


the 37 mm specimen the line is divided in two portions with three organs in 


each, and forming an angle (fig. 7). HOLMGREN (1942) has pointed out that 
the medial division of the line is to be interpreted as the posterior pit line, 
whereas the lateral portion is the middle head line of pits. His opinion is now 


confirmed by the fact that the lateral division is innervated by the same branch 


of the glossopharyngeal nerve as the supratemporal neuromast. The medial 


he same 


division, that is to say, the posterior line of pits is ennervated from t 


branch of the vagus as the neuromasts of the supratemporal canal commissure. 
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Under such circumstances, it is 
difficult to follow J ARVIK who doubts 
HOLMGREN’s interpretation. Instead 
he tries to explain the two divisions 
as corresponding, the lateral portion 
to the supratemporal pit line and the 
medial to the transverse parietal pit 
line in Crossopterygians. Nothing is 
known concerning the innervation of 

‘se lines in the Crossopterygians. 
It seems far more probable that the 
ing lines, neuro- transverse parietal and the supra- 


with horizontal lines, pit 
temporal lines in Crossopterygians 


Profundus brancl 
correspond to the middle head line 
in Actinopterygians, while the poste- 


hlia 
Oblique 


e in the Crossopterygians is the homologue of the posterior 


line in the Actinopterygians. 

lhe horizontal pit line of the cheek consists in the young larvae of two 
tions, one anterior and one posterior (figs. 7 and 16). The anterior 
mmediately caudally to the 7th pore of the infraorbital canal. In 
‘men this pore is, so far, only represented by its dorsal half, 
portion of the canal is not yet formed. In the 37 mm specimen, 
) is entirely formed, the line consists of four sense 
ges this part of the line will be situated outside the dorsal 

the “maxillary”. The posterior portion has its 
‘diately rostrodorsally of the 8th pore in the preoperculo 


also consists of four sense organs in the 37 mm specimen. 


innervated by the same branch from the nervus hyoideo 
mandibularis, which leaves the nerve trunk near the 


exit for the 8:th and most dorsal preopercular neuroma 


fig. 7). 
In adult specimens this line consists, according to JAR 


VIK, of four distinctly separate portions. In the oldest of 


for the present investigation, an 


the specimens available 
125 mm specimen of Polypterus bichir, there are still 


only two lines visible. Now the cheek of a young Poly- 
pterus is very short, compared to the unusual length of 
this portion of the head in an adult animal. 

In order to state exactly the difference in relative 
srowth in length of the different parts of the head in 
Polypterus senegalus the following measurements wer 


made: (a) the distance between the tip of the nose and 
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the anterior margin of the eye, (b) the distance between this point and the 


vertical tangent of the infraorbital sensory canal behind the eye, (c) the 


distance between this point and the vertical tangent of the preopercular canal, 
(d) the distance between this point and the vertical tangent of the most poste 
rior point of the operculum. The measurements were made (1) in the 24 mm 
specimen, (2) in the 37 mm specimen, (3) in four adult specimens (the average 
figures were used). In the table below the length of the different regions of 


the head is given as a percentage of the total length of the head. 


The tabie shows that whereas the snout (a) has practically the same relative 
length in the three stages, the relative length of the eye-region (b) diminishes, 
while the cheek-region (c) increases considerably. The opercular region (d) 
also takes proportionally a larger part of the head in the adult than in the 
larva. 

It is therefore possible that JARvIk’s four separate portions of the line ar 
the result of the great increase in length of the cheek part during the later 
ontogeny. This 1s made still more probable because the third part in JARVIK’s 
description has been observed only in one specimen. This line consists of 
two elements also in Glaucolepis (fig. 27). 

The vertical pit line of the cheek is situated immediately in front of the 
preopercular canal (figs. 7 and 16). At the larval stages it consists only of two 
organs innervated by a little nerve, which branches off from the nerve supp- 
lying the 7th preoperculo-mandibular neuromast. 

On the cheek of Polypterus there is still another line described by Hot 
GREN (1942) and called by him the primary mandibular line. JARVIK calls it 
the quadrato-jugal pit line (figs. 7 and 16). It is formed in the larvae by two 
organs only, but has in the adult, according to JARVIK, from 2 to 12 organs. 
In the adult it is situated near the Traquair bones y which are not developed 
in the young larvae (cf. p. 436). 

There are three different lines in connection with the mandibular sensory 
canal. Most rostrally is the short anterior mandibular line. It is innervated by 
a branch from the ramus mandibularis, the branch leaving posterior to the first 
mandibular organ (fig. 7). It is no doubt homologous to the same line described 
by the author in Gymnarchus (PEHRSON 1945). HOLMGREN (1942) calls it an 
anterior gular line. The original (posterior) gular line in Polypterus is inner- 


vated by a branch from the ramus mandibularis, but, this branch runs in a 
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loop caudad before it joins the nerve (fig. 7). The gular nerve runs in a 
ilar loop as well in Amia. The organs in the the anterior mandibular line 
hand are innervated by a nerve which branches off close to a 
up of sense organs. If this circumstance has any importance it seems less 
is a question here of a gular line. 
to the mandibular canal at the same height as the 4th mandibular 
short horizontal line, innervated by a nerve branching off from 
us mandibularis, posterior to the 4th neuromast (fig. 7). It is the line 
xEN calls the mandibular pit line. 
y posterior to this longitudinal line is another short line, though, 
transverse position. It is innervated the same as the longitudinal line, 
lifference being that the nerve branches off a little more posteriorly 
Chis line is not mentioned by HoLMGREN (1942). According to JAR- 
sometimes be doubled. 
lines connected with the mandibular line are called by JARvIK 
mandibular line, viz. the anterior transverse, the 
the posterior transverse portions. JARVIK considers that “‘as 
line in Osteolepids is often continous with the quadrato-jugal 
quadrato-jugal in Holoptychius is clearly continued by 
rtical, quadrato-jugal and mandibular pit lines 
parts of the same sensory line. That may be so, but, 


sounds unconvincing and is in ; ig insufficient. 


les NOW enumerated, may be added 1 cular line. It differs 


the conditions in the adult. The innervation of this 


canal system 1 rmed, except 1n some 
] 


raorbital line is entirely developed with the exception of the 


p. 409 and p. 426 in this paper). 


ilso developed. As to the infraorbital line, th 
five org are lodged, but, the 
groove. l is formed as far 
with the tral rim of the pore. 
ial between this point and 
6th neuromast is situated. The same condition applies to 
fifth and the sixth pore. Only the proximal (dorsal) 
it marks the entrance to the next portion of the 
is an open space between the lip of the sixth pore and the 
The postorbital portion of the canal is formed. 
open space between the pores Nos. 6 and 7 in the preopercular 
ast No. 6 is thus lying quite open in the skin, and not even 
a groove 1s seen. 


ain canal ends with the pore posterior to the supratemporal neuromast. 
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No trace of a supratemporal canal commissure is formed, and the neuromasts 
are lying superficially in the skin. 

The infraorbital canal is already entirely closed in a 29 mm specimen, but, 
the gap between the neuromasts Nos. 5 and 6 in the preoperculo-mandibular 
line, thus, between the mandibular and the preopercular portions of the canal 


is not closed until the 37 mm specimen. 


THE SENSORY CANAL PATTERN IN POLYPTERUS, HOLOS 
TEANS AND PALAEONISCIDS. 


JARVIK recently (1942) pointed out that what has been considered as the 
rostral part of the supraorbital sensory line in Palaconisciformes, Saurichthyids 
and sturgeons cannot possibly be the homologue of the anterior portion of the 
supraorbital canal in Polypterus, Coelacanthids and Rhipidistid Crossoptery 
gians (JARVIK, Lc., p. 616). Furthermore he gives a partly new interpretation 
of the sensory canals and dermal bones in the snout of Actinopterygians (l.c. 
p. O17—O19). 

To this end he claims the existence in Crossopterygians and Actinopterygians 
(including Polypterus) of two transverse commissures between the supra 
orbital and the infraorbital canals, an anterior commissure and a posterior. It 
will be necessary to make his exposition the subject of a rather detailed 
scrutiny. His views on the two commissures are chiefly founded on studies of 
the works of ALLIs and the present author as well as on reinterpretations of 
results gained by NIELSEN (1936) and STENSIO (1932). 

ALLIs, in his description of the lateral line system in Anna (1889), mentions 
an “‘antorbital cross-commissure” and describes it in this way (p. 471): “This 
antorbital portion which is more properly an anterior cross-commissure con 
necting the two main infra-orbital lines, seems to be found in some other 
ganoids; for TRAQUAIR describes a similar connection in Polypterus bichir, and 
LeypIG three of them in Chimaera monstrosa; but it is not found in the 
teleostei, so far as can be judged from the descriptions [ have been able to 
find.” This so-called anterior cross-commissure is, thus, nothing but what is 
termed more commonly the ethmoidal or rostral cross-commissure. It has 
nothing to do with JARVIk’s alleged “anterior cross-commissure”’. 

ALLIs continues (p. 471): ‘The suborbital part of the infra-orbital part is, 
in the adult, connected at its anterior end, immediately in front of the posterior 
nasal aperture, with the supra-orbital canal. There is no direct union of the 
two lines here, the connection being of the nature of a commissure formed by 
the anastomosis of the two dendritic systems, one of which is the terminal 
system of the suborbital, and the other the fourth regular system of the supra 


orbital canal.” This is obviously the “‘posterior transverse commissure’ which 
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nsory canals and canal n it, dorsal view 
shade, supraorbital nso1 al 


anal, dark shade, intra- 
orbital (28X1) 


an unportant part in JARVIK’s discussion 
the snout of 


of the morphological con- 

fishes. 
continues, however, (p. 475) concerning the trunk of the 6th peri 
infraorbital line, which trunk issues from the 
s a direct continuation upward and 
nd is comparatively long, 
1al to a point beyond the upper posterior 
of the posterior 1 


nasal aperture. Here 


ind is continous with, trunk 4 supraorbital, the two trunks 


branches 


meeting and anastomosing, and so Torming a direc 
41 

the two can ils 


two peripheral systems is not formed until the fish 


15-month specimen shown in (ALLIs’s) 
is brought about in the following way: trunk 4 


s canal immediately in front of the frontal, runs 
it reaches a point median to the anterior edge of the 
Here it turns backward, and runs toward the anterior 
extending beyond this edge onto the upper surface 
1fra-orbital, lies almost exactly in the line of the main 
orbital, the two 


System oO 


trunks and thei f pores and 
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This is the only place in the entire lateral system of Amia where an anastomosis 
below the surface occurs.” (italics by FE. Ph. A.) 


‘rom ALLts’s description is evident 1) that there is no “anterior transverse 
commissure” between the infraorbital and the supraorbital lines, 2) that the 
so-called “posterior transverse commissure” is only a secondary union between 
the tubes of the two adjacent canals, a union that occurs very late and is 
brought about either by the trunks of the pore canals or by their branches. It 
is obvious that such a connection has no wider morphological value and under 
no circumstances can be used for the establishing of far reaching morphological 
conclusions. 

JARVIK tries, in addition to get support for his opinion in two papers on 
the development of the dermal skull in Amia by the present author (PEHRSON 
1922 and 1940), where he refers to not less than nine 
figures. It may be pointed out that the author himself 
is perfectly unaware of the existence of the “‘cross 
commissures” in spite of meticulous researches. 

The anterior of these supposed commissures is 
according to JARVIK only vestigial “being represented 
by the foremost laterally bent portion of the supra- 
orbital sensory canal that lies close behind the anterior 
external nostril in the antero-lateral part of the so- 
called nasal and lodges organ 1 of the supraorbital 
sensory canal.” It is obvious that JARVIK speaks of a : 
different “commissure” from ALLIs in the paragraph mm 
quoted above, the “commissure” in ALLIs’s sense 
being the ethmoidal cross-commissure, whereas JARVIK refers to the distal end 
of the sensory canal in the nasal bone. The alleged posterior commisure on thi 
other hand is identical with the anastomosis in the dendritical pore system 
according to JARVIK, the ventral part of the commissure 1s situated 
postero-dorsal part of the so-called antorbital and lodges organ 5 of the infra 
orbital sensory canal”. 

It may briefly be stated that there 1s no “anterior commissure” either in the 
adult Amia or in any period during the development of the sensory canal 
system in that fish. At young stages there is a very pronounced lateral bending 
of the distal portion of the supraorbital sensory canal (fig. 11) but there 1s 
never any indication of any junction between the end of this canal and th 
infraorbital canal. 


JARVIK attaches so much importance to these transverse commissures—they 


mig 
occurrence in the other cases referred to by him. 


As to Poly pterus, J ARVIK (1942, p. 618) asserts the ~ presence in Poly plerus 


are fundamental for his interpretations of the homologies of the dermal bones 
1 interest to investigate thei 
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of an anterior transverse commissure’. In another page (l.c., p. 602) the 
following statement is found: “Immediately behind its anastomosis with the 
nfraorbital canal in Polypterus it [the supraorbital canal] gives off a postero- 
ventro-lateral branch situated immediately behind the proximal part of the 
anterior external nasal tube. The position and course of this branch, which is 
ntly regarded as the foremost end of the supraorbital sensory canal, 
inds considerably of the anterior transverse commissure in Coelacanthids.” 
irt of the canal referred to is the one lodged in the so-called os terminale 
I, HOLMGREN—STENSIO 1936). It corresponds in position at least in 
larval specimens almost exactly to the laterally bent portion of the foremost 
end of the supraorbital canal in Amia mentioned above (cf. p. 429 in this paper). 
JARVIK explains further (1947): “the canal in the terminal is probably not the 
anterior part of the supraorbital sensory canal, but represents a vestige of the 
transverse commissure between the supraorbital infraorbital 
anals, which is completely developed in certain Coelacanthids and Actino- 
pterygians (e.g. in Sinamia)”’. 

It will be necessary to follow JARVIK’s explanations concerning the supposed 
missures in fossil fishes as well. In Eusthenopteron foordi, JARVIK (1944) 
has found that “the tubes of the infraorbital and supraorbital canals that enter 
the supraorbito-tectal may anastomose with one another, thus connecting the 
said canals. In certain specimens a real canal may also be developed between 
supraorbital and infraorbital canals at this place.” This connection is not 
1 in the place for the “anterior commissure” referred to above (JARVIK 
for the “posterior commissure’ and occurs only in some 
is caused by anastomosis between the largely branching 
spreading tubes, not by connection between the canals. It cannot be used 

as any kind of evidence in the present discussion. 
the Crossopterygians JARVIK ascribes the transverse commissures 

‘oelacanthids. This is the evidence he presents: 

In the two Devonian Coelacanthids Nesides and Diplocercides described by 


STENSIO (1937) there is in the lateral rostral a foramen through which the 
l sensory canal opens in a dorsal direction. This foramen which was 


Intraorbita 


| by STENSIO according to JARVIK, lies in the place corresponding to 


in NIELSEN’s undetermined Coelacanthid (NIELSEN 1936; cf. p. 417 1n 
-) where the lateral rostral is pierced by the supposed posterior trans- 
lissure. JARVIK continues: “Judging from its position, the foramen 
given passage either to a corresponding commissure or to a 


representing this commissure in an initial stage of development.” 
nately the dermal bones of the posterior portion of the ethmoidal region 

he specimens of both Nesides and Diplocercides are deficient. The suprfa- 
orbital sensory canal is further only known by its pores. JARVIK admits that 


t cannot for the present be decided which of the said two alternatives is true”. 
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In the two other known Devonian Coelacanthids Euporosteus and Dictyonos 
eus, in which the supraorbital canal is known, there is no indication of any 
transverse commissures. | 

As mentioned above, NIELSEN (1936) has described an undetermined Trias- 
sic Coelacanthid from Spitzbergen. JARVIK has reinterpreted NIELSEN’s results 
and ascribes to this Coelacanthid a posterior transverse commissure between 
the supra- and the infraorbital canals. From this commissure runs, according to 
JARvik, a longitudinal commissure, by NIeLsEN interpreted as a part of the 
infraorbital canal. Anteriorly this supposed longitudinal commissure sends out 
a long tube in the shape of a ventrally directed branch (according to NIELSEN’s 
description), although emanating from the ethmoidal commissure of the infra- 
orbital canal. This tube does not reach what is supposed to be the infraorbital 
canal in JARVIK’s interpretation. Although it is not connected with the so-called 
infraorbital canal JARVIK considers it as representing the ‘‘anterior transverse 
commissure”. In this Triassic form, thus, there is a—supposed—anterior 
transverse commissure and a—still incomplete as the latero-ventral portion is 
missing—posterior transverse commissure. 

There remains so far one more Coelacanthid to be considered, viz. Latimeria. 
There JARVIK reinterpretes SmitH’s description (1940) and forms a pattern 
of sensory canals in the snout, much resembling the result of his reinterpreta- 
tion of the canals in NIELSEN’s undetermined Triassic specimen. But JARVIK 
admits that SMITH was unable to trace with certainty the course of the sensory 
canals in the snout of Latimeria. 

This is the evidence collected from the Coelacanthid material to which JAR- 
VIK refers in his paper. 

As to Poly pterus he points out (p. 602) that the position of the foremost 
end of the supraorbital canal which lodges organ No. 1 and is enclosed in the 
so-called os terminale (or nasal 1, cf. p. 407 and 426 in this paper) “reminds 
considerably of the anterior transverse commissure in Coelacanthids”. Without 
regard to the fact that these commissures are dubitable, to say the least, in 
Coelacanthids, and that there is no ‘‘commissure” in Polypterus, as the ventro- 
lateral part is missing, JARVIK refers (p. 618) to “the presence in Polypterus 
of an anterior transverse commissure apparently homologous to that in 
Coelacanthids.” 

JARVIK also states in his paper that his analysis of the sensory canals may 
throw some light on the conditions in Palaeonisciformes and writes: “It is 
thus not difficult to see that the ventro-laterally running preorbital portion of 
the supraorbital sensory canal in Palaconisciformes in its lower part, situated 
behind the fenestra exonarina anterior, is essentially as the anterior transverse 
commissure between the infraorbital and supraorbital canal in Ama, Sinamia, 


Polypterus and Coelacanthoidea.” 
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Palaeoniscids. A, Cano ramsayi (after Moy-THomas and 


centricus (after Moy-THomas and Dyne). C. Cornuboniscus 
occocephalus Wuldt (after Watson). Line of 


dots, infra- 
of short transverse strokes, 


supraorbital sensory canal. 


\RVIK refers for proof to a figure showing the snout in Canobius ramsayi 
‘us budensis (fig. 12 in this paper). Further he claims to have 
transverse commissure “‘at least in certain Palaconisciformes 
pis and Birgeria” (fig. 14 in this paper). As to Canobius and 

rnuboniscus, they will be discussed later in this paper (p. 424). Concerning 
he anterior end of the supraorbital canal in Cheirolepis, WATSON (1925) writes 
t its character is unknown “‘but it presumably becomes continous with an 
moidal cross-commissure”. He admits that ‘it is unfortunate that the rela 


tions of comm 


ssure to the infra- and supraorbital canals remain unknown” 


(STENSIO 1932, fig 


g. 41) “the commissure ascends in a dorsal 
posterior part of the bone that STeENsIO has termed ‘antor 
from JARVIK). This ascending branch from the infraorbital 
declared by JARvIK to be the homologue of the dorsal 
antorbital in Amia, but, just as in Ama there is no 


snout in these fishes will be discussed later 
sensory canal system in Sinamia. The 

ital canal enters the nasal in the postero-medial 

rostrad and bends near the anterior rim of. th 

continues in a caudo-lateral direction. According to STENSIO, 
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14. Three Triassic Palaeoniscids. A. Glaucolepis stensioi (after NIELSEN). B. Birgeria 
groenlandica (after STENSIO). C. Boreosomus piveteaui (after NIELSEN). 


and meets its vis-a-vis from the other side and forms the supraethmoidal com- 


missure. The medio-dorsal branch in the antorbital is supposed to anastomose 


1 


with the supraorbital canal after having passed anterior to the posterior nasal 


opening. This anastomosis corresponds to JARVIK’s posterior transverse com 


missure. Thus, at least, is the representation of the sensory canal system in 


figs. 18 and 19 in STENSIO’s paper. In his description he writes (p. 34) con- 
cerning the first mentioned commissure that it is “likely” that the portion of 
the infraorbital canal in the antorbital which runs straight rostrad towards the 
anterior margin of the bone anastomosed with the anterior end of the supra 
orbital canal in the nasal. Concerning the dorsal branch of the canal in the 
antorbital, STENSIO says that it ‘‘probably anastomosed with the supraorbital 
canal”. It should then represent the post-nasal commissure in Almia (cfr. p. 415 
in this paper). 

JARVIK in his paper when referring to Sinamia has omitted the “likely” and 
“probably” and states: “In the fossil Amid Simamna there are between the 
anterior and posterior external nostrils two transverse commissural canals, 
anterior and posterior, connecting the supraorbital and infraorbital canals” 
(p. 617 

It seems most “likely” that the ‘anterior commissure” is no commissure at 
all, at least from what can be seen in STENSIO’s plate I, where in the left side 
the canals are clearly seen. As in Amia the sensory canal in the nasal makes a 
sharp bend laterad and then continues caudad as in Lepidosteus (figs. 9 and 
15). No anastomosis can be traced, however. As to the infraorbital canal, a 
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short piece of the canal is visible on the left side in the first infraorbital bone. 
There is a three-branched portion of the canal in the antorbital. The anterior 
branch continues rostrad as the ethmoidal commissure. The posterior branch is 
broken off at the posterior margin of the bone but has its continuation caudad 
in the first infraorbital. As to the third or dorsal branch it divides near the 
medial margin of the bone into two short canals. No anastomosis with the 
supraorbital canal is to be seen. It may be suggested that this short dorsal 
branch, which according to STENSIO “‘probably anastomosed with the supra- 
orbital canal’, simply represents a dorsally directed portion of the canal in the 
antorbital, and that the two short branches at the medial end of this portion 
form the trunk of a branching tubule. This portion should thus end with a pore 
exactly as is the case in Amia. The remains of the canal system on the right 
side are more imperfectly preserved. There is practically nothing of the canal 
in the nasal left, but, the shape of the canal in the antorbital at least does not 
contradict an interpretation such as the one developed now. 


This suggestion also agrees with the conditions met with on the right side 


of the same specimen as represented in plate V where the head is seen from 


In the antorbital only the dorsal branch of the canal is seen, 
thus, the trunk of the branching tubule. 

This specimen may be compared to No. 4, represented in plates XII and 
There the bones on the left side of the head are shown from the medial 
side, thus preserved as impressions. In the nasal bone the medial part of the 
canal is fairly well preserved with two branching tubules visible. 

[he antorbital is seen with a branching portion of the canal immediately 
caudally to the nasal. If specimen No. 4 (in plate XIII) is compared with 
specimen No. 2 (in plate V), the difference in the position of the antorbital 
in the two cases is striking. As a matter of fact the conditions in specimen 
No. 4 give a strong impression that the antorbital is dislocated, having been 
pushed from its original position in a rostro-lateral direction. In a dorso-caudal 
direction there is a gap in the specimen of the same shape as the bone frag- 
ment denoted as the antorbital. If the antorbital could be pushed dorso-caudad 
to fill up the empty space the position of the canal would be different. The 
ventral portion of the canal would then fit in between the anterior and posterior 
stumps of the infraorbital canal and the dorsal branch would be situated as a 
dorsal tubule, as is described above with regard to specimen No. 2. There is a 
short branch directed latero-caudad in the posterior portion of the part of the 
infraorbital canal situated anteriorly to the antorbital bone in No. 4. This little 

might be a ventral tube of the infraorbital canal. An attempt has been 


reconstruct the snout of Sinamia according to the suggestions made 


that a perfect similarity between the conditions in the 


Sinamia will be established. There will not be any necessity 
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for supposing a commissure that cannot be said to exist with certainty in any 
other fish. 

In Lepidosteus (figs. 9 and 15), a kind of connection is found between the 
infraorbital canal in the antorbital bone and the supraorbital canal. This con- 
nection—if it really should be called so—is brought forth in the way that the 
infraorbital canal in the antorbital bone sends a tube mesiad as in Amia. This 
tube ends in the larval specimens with a pore situated on the antero-medial edge 
of the bone. This bone is separated from the anterior end of the frontal by a 
narrow strip of tissue where the adjacent bones do not meet. The first pore in 
the supraorbital portion in the frontal opens opposite the pore in the antorbital. 
In a 70 mm specimen of Lepidosteus the antorbital is developed round the 
canal, but the anterior end of the frontal portion of the supraorbital canal 
is still gutter-shaped. The pore at the medial end of the canal in the antorbital 
opens immediately behind the posterior nasal opening. In Amia the corres- 
ponding pore is situated close to the rostral margin of the posterior nasal 
opening. 

ALLIS (1904) states that in the antorbital, latero-postero-ventral to the poste 
rior nasal aperture, the ethmoidal canal anastomoses, apparently by its terminal 
tube, with the penultimate tube of the suborbital part of the main infraorbital 
canal, but, as this connection does not exist in the larva and is established only 
by means of the pores, no morphologically real connection can be said to exist 
in Lepidosteus. 

Current representations in the literature of the snout in Palaeonisciformes 
show a remarkable difference in the course of what is generally called the 
foremost part of the supraorbital canal, as already pointed out by ALLIs 
(1904). Seemingly the rostral portion of the supraorbital canal runs laterally 
to the nostril to join the infraorbital canal in the ethmoidal commissure instead 
of medially. 

Now, there are few instances where the sensory canals in the snout of 
Palaconisciformes are kept intact. In Boreolepis, for instance, (ALDINGER 1937, 
lig. 33, pl. 30) the supraorbital canal is seen. It traverses the parietal where 
the canal ends caudad and continues rostrad through the frontal but never 
reaches the anterior margin of this bone. No traces of an infraorbital canal are 


retained. In Palaconiscus freislebeni (ALDINGER 1937, fig. 25, pl. 25, fig. 13 


in this paper) the infraorbital canal is comparatively well preserved, but, 


unfortunately in a young specimen, not possible to determine with certainty. 
The canal traverses the bone called infraorbital where it sends one branch 
rostrad, the ethmoidal cross commissure. The rest of the canal turns dorsad 
and ends with the margin of the bone. There is nothing to be seen of any 
continuation of the canal dorsad or of the supraorbital canal. In ALDINGER’s 
text figure the canal is seen running through the so-called antorbital bone 


probably the nasal) and the frontal as a continuation of the supraorbital canal. 
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NEW INTERPRETATIONS OF THE SKULL IN POLYPTERUS 
"his text figure is taken from WestToLL (1935—36) and represents a recon 
struction. 

In Coccocephalus wildi (Watson 1925) the infraorbital canal (fig. 12) 
enters the “‘lacrymal’” (probably the antorbital) where it branches and sends 
one canal mediad, the ethmoidal cross-commissure, and one dorsad where it 
ends without joining the supraorbital canal which continues further rostrad 
than the canal in the “lacrymal” (antorbital) and runs medially to this bone 
n the so-called antorbital (nasal). The nasal opening is situated in the ventro 
ateral margin of the “‘antorbital’” where it makes an indentation between this 
bone and the “lacrymal”’. 

ALLIS (1904) suggests when pointing out the extraordinary course of the 
pupraorbital canal in Nematoptychius, where the anterior part 1s situated in th 
‘o-called prefrontal and lies lateral to the nasal aperture, a position unknown 
n living fishes, as the only possibility of establishing a reasonable homology 


» that the so-called prefrontal is an antorbital bone, similar to that bone in 


{ 
iepidosteus, and that the canal it lodges is the upper anterior end of the 


suborbital part of the main infraorbital canal, and not the anterior end of the 
inain supraorbital canal”. 

To this may be added that no connection with the ethmoidal cross-commissur¢ 
s shown in the figure (TRAQUAIR 1877) referred to by ALLIs. 

A similar view was also held by SteNs16 (1921, p. 246) who referred to 
the conditions in ‘‘the closely related Catopterids where the infraorbital canal 
branches in the so-called rostral and sends one branch dorsad through the 
antorbital lateral to the nasal openings and another mediad forming the rostral 
cross-commissure”. According to STENsIO the supraorbital line ran into the 
infraorbital branch in the antorbital bone. The figures show the canals only 
represented as dotted lines. STENSIO suggested that the supraorbital canal would 
have continued forwards as a pit line over the posterior part of the nasalo 
postrostral. 

STENSIO does not maintain the opinion referred to above in a later work 
(STENSIO 1932). Discussing the course of the sensory canals in the snout 
portion of Birgeria (Ke.. Dp. TIO), he points out that the so-called antorbital 
should rather be considered as a nasal than an antorbital because of the in 
dications of an anterior and a posterior nostril. The canal portion in this bone 
‘should under such circumstances be considered as belonging to the supraorbital 
canal and the abnormal position of this part of the supraorbital canal in thi 
majority of the Palaeoniscids only be apparent and due to a reduction of the 
posterior external nasal aperture. 

This canal portion shows no connection with the infraorbital canal as it ends 
with the ventral margin of the nasal bone. The short dorsally directed branch 
of the infraorbital canal in the antorbital bone (cf. p. 432) recalls the conditions 


in Coccocephalus (\WWATSON 1925). Also in Brachydegma caelatum (DUNKLI 
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there is as in Birgeria a short caudo-dorsally directed branch of the 


fraorbital canal in the most anterior infraorbital bone (fig. 13). Owing to 


3 
poor preservation of the dorsal part of the snout, nothing can be said 

ning the course of the supraorbital canal in this region in Brachydegma. 


ry} 


miscus budensis (WHITE 1939) and Boreosomus piveteaui (NIELSEN 
belong to the few Palaconisciformes where the canal system in the snout 


+ 


represented in the descriptions by dotted lines only, but, where the 


course of the canals may be followed by means of the pores (figs. 12 and 14). 


conditions in these fishes suggest the following attempt to bring the canal 


in the snout of Actinopterygians (including Brachiopterygians) into a 


Imia (ALLIS 1889, PEHRSON 1922, 1940) a branch of the infraorbital 
runs dorsad in the antorbital bone (figs. 10 and 11). This is the branch 


JARVIK as the “‘posterior transverse commissure” (cf. p. 415 1n 


paper). The same dorsally directed canal branch where it, however runs 


1e posterior nostril, is found in Lepidosteus as well (ALLIS 1904) a1 
in Sinamia (cf. p. 419 in this paper and fig. 15). In Polypterus there 1s 
ted canal, but the second antorbital bone sends a process 
isible in the larval stages (fig. 16). The antorbital dorsal canal 
‘sal process in Polypterus run between the anterior 
posterior trils. In Sinamia the conditions as interpreted by the 

p. 420 in this paper), are the same. 

ime dorsal branch of the infravrbital canal is also found in Pirgeria, 
lef is ( NIELS! TOQ42). In Brachydegma the condi 
me as in the Palaeoniscids and the Holosteans mentioned, 
nothing is known about the anterior portion of the supraorbital canal. 
the alleged supraorbital canal may be divided in one ventral 


1 
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belongs to the infraorbital canal as a dorsally directed 


portion, which runs between the two nostrils 


the supraorbital canal. The difference 1s only that 
fishes mentioned the infraorbital branch runs posterior 
inal, it runs seemingly as a continuation of this 

is an actual junction or anastomosis between 

no importance. Probably there is a connection between 
In Boreosomus the appearance is decidedly in favour 
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tion then corresponds to the junction between the 


mec 


the infraorbital canal in Lepidosteus (cf. NIELSEN 


alaeonisciform fishes may be 
represented in the figures 


fraorbital canal in the rostral 
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NEW INTERPRETATIONS OF THE SKULL IN POLYPTERUS 
commissure, but, in reality the canal may be supposed, as in Cornuboniscus, to 
consist of a ventral, infraorbital portion and a dorsal supraorbital. 

In this way there is no difference in principle in the pattern of the canal 
ystem in the snout in the Actinopterygian fishes (including the Brachy- 
jterygians ). The circumstance that the nasal canal portion in many Palaeoniscids 


uns | 


aterally to the nostril is due to the fact that that in these forms only the 


anterior nostril is developed (or described, so far). 

In Palaeonisciform fishes either both nostrils are developed, as is the case 
in the Carboniferous Cornuboniscus, the Permian Pygopterus (ALDINGER 1937, 
p. 144) and the Triassic Birgeria, Glaucolepis and Boreosomus; or, only the 
anterior nostril as in the Carboniferous Canobius, Cycloptygius and Nemato 
ptychius and the Permian Palaeoniscus ; or, only the posterior nostril as seems 
to be the case in the Carboniferous Coccocephalus and the Triassic Pteronis- 
culus. Our knowledge of the snout in Palaeoniscids is, however, so uncertain 
and spurious that further discoveries will show if the presence of two nostrils 
is more common than has been supposed. The two nostrils in the Triassic 
Perleidus (STENsIG 1921) are probably both to be interpreted as anterior 
nostrils judging from their position. 

NIELSEN (1942, p. 206—207) has to a certain degree tried to interpret the 
canals in the snout of Palaeonisciform and Holostean fishes in the way in 
dicated above, but not taken the full consequences of his suggestions. 

‘rom what is mentioned above, it appears that there may, actually, be a 
commissure between the supraorbital and the infraorbital canal in Palaeoniscids, 
but, this commissure does not correspond to either of the two commissures in 
JARvIk’s sense. The dorsal portion of the commissure will correspond to the 
dorsal portion of JARVIK’s anterior commissure and the ventral portion to the 


ventral portion of JARVIK’s posterior commissure. 


DEVELOPMENT OF DERMAL BONES. 


The stages of Polypterus available for this investigation are unfortunately 
too old to allow any observations concerning the early ontogeny of the dermal 
bones. Very little is, therefore, to be said concerning the formation of the 
blastemas. Most of the bones are already formed in the youngest stage at my 
disposal. The exceptions are practically only the extrascapulars and the supra 
scapular. The first nasal (os terminale) is already formed as a tiny rod of 
bone, and the ventral portion of the preopercular which forms separately is also 
present as a bone scale of irregular shape. 

As to the extrascapulars, the supratemporal cross-commissure in the series 


of transverse sections is sectioned longitudinally to the course of the canal, a 
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circumstance that makes reliable observa- 
tions concerning the development of possible 
binary blastemas very difficult. The only 


point where it has been possible to make 


comparatively trustworthy observations is, 

therefore, the development of the supra- 

scapular. The result will be recorded in 
page 442. 

Generally speaking it seems that the bones 
are formed in a slightly different way than 
is the case in, for instance, Amia and even 
Lepidosteus (PEHRSON 1922, 1940, Ham 
MARBERG 1936). At least it has not been 
possible to discover any binary bone prim 
ordia, not even as far as the first nasal 
and the extrascapulars are concerned. The 
bone primordia in the infraorbital line as 
well as their blastemas, do not develop as 
binary structures in any fish, as far as is 
known. As a rule the canal bones in Poly 
pterus very soon assume cylinder shape al- 
though the walls for some time remain 
uncompleted, being only imperfectly ossified 
with irregular perforations. The change 
from a cylinder to flat bones takes place, in 
the same way as in Amia, by means of 
lamellae or wing-like processes developing 
from the tube-like bone (figs. 19 and 20) 

‘e in Polypterus, as far as can be judged without excep 
bone primordium develops in connection with each 

euromast. 
Vasal. According to the terminology used by HOLMGREN-—STENSIO (1936) 


~ 


in Polypterus, as stated by ALtis (1900). The three 
s terminale’’, the “accessory nasal” and the “‘nasal” 


are the homologues of the nasal in Amia which 


n of Polypterus the first nasal is just beginning to 


laterad and slightly caudad, and forms a 

corresponding portion of the sensory canal. In this young 

specimen this portion of the canal is not yet formed (figs. 17 and 18). There 
is a pore opening into the ethmoidal cross-commissure on each side of the 


snout. Immediately caudally to this pore there is a shallow groove instead of 
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Fig. 18. Polypterus senegalus, 24 mm. Cross-section at the level x in fig. 17, showing 
supraorbital neuromasts No. 1 and No. 2, primordium of nasal bone 1 
No. 2 and a nasal pit line organ. Michrophotogr. 


1asal bone 


a canal running laterad and somewhat caudad in the same position later held 
5 
by the sensory canal. A deeper indentation in the rostral end indicates the pore 
between the portions of the canal enclosed in the first and the second 
nasal bone. 
The groove itself has more the shape of a shallow and narrow fissure formed 


by a fold of the epidermis slightly overlapping from behind (fig 


18). The 
neuromast is situated under this fold. Below the sense organ a comparatively 
thick blastema is formed. In this blastema the primordium of the nasal is 
beginning to form in shape of a straight, narrow rod (fig. 18). No sign of a 
binary origin is to be seen either in the blastema or in the bone rudiment. 

In a 27 mm specimen, thus, only slightly longer than the youngest specimen, 
though the nearest in age, development has advanced considerably. It may be 
mentioned that while there is no sign of the typical, long nasal tubes in the 
24 mm specimen, these are formed already in the 27 mm specimen. Nor is an 


intermediate stage to be found in the development of the nasal bone. The first 


nasal has already assumed its definite shape and surrounds a well developed 


canal with the neuromast No. 1, only the distal end of the bone tube is not 
quite formed. As will be seen from the description, the development in the 
nasal as well as in the frontal regions of the supraorbital canal progresses 
rostrad from the caudal end. The bone tube itself is not yet quite ossified. As 


in all young, tube-like bones in Polypterus, the walls have more or less the 
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Cross-section Vy in 


3 and cross-section of nasal bone No. 3 with 
n of flanges. Microphotogr. 


I 


hg. 17, showing 


veginning forma 


work of irregular perforations. This is still the case in slightly 
ens measuring up to 45 mm in length. In a 101 n specimen an 

lid wall of bone is formed round the canal. 
accessory”) nasal is formed in the 24 mm specimen in shape 
like bone, the walls of which have still the typical irregular perfora 
No flanges are formed so far. Not until tl 


1¢ IOI mm specimen 
med its definite 


hape by developing a medial flange which 


of the adjacent medial bone, the rostral. The bone 


ird nasal in the 24 mm specimen has also the shape of a tube but the 
though still perforated to a certain degree, more solid than those of 
nasal (fig. 19). The beginning of the formation of flanges is to be 
specimen a comparatively broad medial flange is formed 


specimen the medial flange has assumed its definite extension 
] 


‘dges of the right and the left lamella only leaving a narrow space 


later to be filled up by the caudal process of the rostral. 


out above, the homology between the three 


As nasals 1 
Polypterus, and the single nasal in 


> 


Amua, is firmly established. Further there 


7 
is no doubt ec 


mcerning the homology between the nasal in Lepidosteus (Ham- 


MARBER‘ 7) and the nasal in Amua, resp. Polypterus. As mentioned by 
end of the supraorbital canal in Polypterus has 


same shape as the corresponding portion of the supraorbital 
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Fig. 20. Polypterus senegalus, 24 mm. Cross-section at the level z in fig. , showing 
supraorbital neuromast No, 4 and anterior end of frontal bone with well developed 
flanges. Microphotogr. 
canal in Lepidosteus. The difference is only that the nasal canal in this fish 
not only turns laterad, but, also continues along the lateral edge of the nasal, 
and ends in the postero- lateral corner of this bone. The anterior portion of the 
nasal supraorbital canal in Amia also makes a lateral bend, more pronounced 
in larval stages (figs. 10 and 15). The same conditions are also found in 
Sinamia (STENSIO 1935), where the nasal canal as in Lepidosteus follows the 
edge of the nasal laterad and caudad (fig. 15). This lateral bend seems to be 
a characteristic feature of Holosteans and Polypterus only. It is lacking in 
Crossopterygians where the supraorbital canal runs straight rostrad and opens 
in the ethmoidal cross commissure (at least in Eusthenopteron) after a more 
or less pronounced S-curve, and in Palaeonisciformes, Chondrosteans and 


Leieosteans. 

According to JARVIK (1942), the first nasal (terminal) in Polypterus is the 
homologue of the anterior “tectal’’ in Coelacanthids. The ‘‘tectals’, writes 
JARVIK, are ‘a longitudinal series of bones in the anterior prolongation of the 
series of supraorbitals” (JARVIK, lc., p. 351) and usually cailed antorbitals in 
Crossopterygians. They are situated laterally to the nasal series and “primarily 
not pierced by any sensory canals”’ (l.c., p. 249). JARVIK considers the “‘postero 
dorsal facial portion” of the premaxillary in Polypterus to be a_ posterior 
“tectal” (cf. p. 431 1n this paper). 

JARVIK extends the alleged similarity between Polypterus and Coelacanthids 


to Sinamia and Amia as well. In the latter fish the anterior ‘‘tectal’’ element 


is supposed to be the antero-lateral part of the nasal whereas the part of the 
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which lodges the infraorbital neuromast No. 5 is said to correspond 
iddle “‘tectal”, and the dermectethmoid to a posterior. 

As already mentioned (p. 413) JARVIK’s interpretations of the homologies of 

in the snout of Holosteans and Polypterus are based on his theories 


pones 


‘ning the sensory canal pattern in this part of the head. These theories 


eady been dealt with in pp. 415—420, and, as they are rejected by the 


author there is no reason to enter into any argumentation on the 
‘onsequences of the theories. 


> 


This bone is comparatively well developed in the 24 
16 and 17). The walls 


mm specimen, 


forms a bone tube round the sensory canal (figs. 
iis bone tube, however, are still imperfect and form a sort of network of 


cular perforations as was also the case in the nasal. Medially a horizontal 
is formed which broadens caudad. The caudal portion of the bone is 
thicker and generally better developed than the rostral end. Laterally there is a 
narrow lamella developed (fig. 20). 

The frontal is formed in connection with the supraorbital sense organs 
Nos. 4, 5 and 6 (the terminal organ counted as No. 1), a pore being formed 


‘tween each neuromast. On a level with the 


+s 


first pore on each side there is 


in the bone (fig. 17). A separate first frontal is thus formed in 
h the supraorbital sense organ No. 4. Where the second frontal 


is no suture to be seen, but, there is a deep incision in the 


nidicate that also this part is formed from two separate 
frontal is, thus, ontogenetically, according to all appearances, 


three separate primordia, one in connection with each neuromast. 
nent tells further that the formation has begun with the 
rostrad, like the three nasal bones. There is no 
a binary origin of either of the three frontal elements, a circum- 
‘dly could be expected considering the rather far advanced devel- 


il 


in the 24 mm specimen the third nasal is still a perforated bone tube 


1arrow lateral lamella the frontal, even the ; 


1 flange laterad as well as mediad. 


interior element, is far more 
ad 
1940) the frontal lodges the supraorbital neuromasts Nos. 


‘re the primordia are formed in connection with 
6 and are distinctly binary. These primordia fuse trans- 
In connection with sense organ No. 4 no separate 
\mia, but the rostral end of the fused original 

and eventually incorporates even this 


eutter-like bone formed which closes to 


It is not possible to decide if the bone is formed in the 


as sufficiently early stages are missing. 
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Nevertheless the conditions in Polypterus, where one bone is formed in 
connection with each separate neuromast in the supraorbital line, has to be 
considered as more primitive than in Amia. 

Rostral. This bone is formed in the 24 mm specimen and has the shape of 
a bone cylinder round the rostral cross canal. The walls have the irregular 
perforations typical of the young canal bones in Polypterus. It is not possible 
to discover any signs of the bone having originated from a left and a right 
hand primordium, nor of the primordium having been binary. A short dorsai 
lamelliform process is already formed (fig. 16). 

During the subsequent stages, the bone tube consolidates in the usual way 
and the dorsal lamelliform process grows in length and thickness till it has 
reached the normal extension in relation to adjacent bones in the ror mm 
specimen. 

The canal lodges organ No. 1 in the infraorbital canal on each side and thus 
corresponds to the median portion of the rostral in Amia where there are 
altogether four neuromasts associated with the rostral. 

“Premaxillary.” The neuromast No. 2 in the infraorbital canal is situated 
in the portion of the canal which makes a sharp bend ventro-laterad (fig. 8). 
This portion of the canal is surrounded by a short tube-like bone entirely free 
from the premaxillary which is already formed and lies close mediad to the 
canal bone (fig. 16). The latter might be considered as the homologue of the 
lateral part of the rostral in Amua. In this fish the rostral lodges four neuro 
masts of which the two middle ones correspond to the two neuromasts in the 
rostral of Polypterus. If this surmise is correct, the bone lodging the infra- 
orbital organ No. 2 in Polypterus should be named a lateral rostral. 

At the ventral end of this ventro-laterally directed portion the canal turns 
caudad and then runs practically straight in this direction. In the anterior 
portion of this canal section the neuromast No. 3 is situated. This portion is 
also surrounded by a canal bone, but the bone does not form a cylinder round 
the canal. Medially, towards the lateral margin of the planum nasale the canal 
bone is open and the wall is formed by the premaxillary (sensu strictu). Thus, 
the roof, the lateral wall and the lateral part of the roof are covered by the 
canal bone which has the shape of a gutter instead of a tube. Judging from its 
position it is to be considered as an antorbital, and as there is another bone to 
follow, this one will be termed the first antorbital. 

In this young stage the canal bone, like the ones described previously, is 
perforated irregularly. It is doubtful if it is entirely free from the premaxillary. 
[It is not possible to decide with certainty if the perforated lamellas of the 
growing premaxillary are fused or not in some places with the irregularly 
shaped edges of the antorbital. 

Yet from the fact that the first infraorbital is entirely free from the pre 


maxillary, it seems permissible to conclude that this has been the case in a 
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younger specimen. And it may possibly be so even in this specimen. 

next oldest specimen measuring 27 mm, however, the first antorbital as 
he lateral rostral are fused with the premaxillary. 

next bone in caudal direction lodges neuromast No. 4 (fig. 16). It forms 

round the canal. It is further developed than the anterior 

have been formed earlier. It should be termed the second 

its position. The medial side carries a slightly pro 


almost the whole length of the tube-like part 


‘end of this ridge is prolonged into a dorsally directed 
thin blade close to the nasal capsule. 


small branching connections with th 


‘r correspond to the antorbital in 


Amia lodges four neuromasts there is only one 
‘bitals in Polypterus. Furthermore the antorbital in 
one single primordium notwithstanding the large number 
there is one resemblance between the two antorbitals in 
bone in Amia. In both fishes there is a pronounced 
Sinamia and Lepidosteus this process is formed 


Amia and I 


the shape of a lamelliform outgrowth. If this process should 


epidosteus) a neuromast but 
mologue of the dorsal portion of the antorbital of Amma it 
idered as a suppressed part of the canal bone. Embryological 


m is lacking so far, no sufficiently young stages of 


connection between the second antorbital and the pre 
more definitely developed. 


is a comparatively broad plate (figs. 16 


28). Anteriorly it has a narrow projection lateral to the short chondral 


rum. To the greater part it is situated underneath the lateral parts of the 
The anterior portion of the plate is slightly bent dorsad as is 
the premaxillary in Amia. On a level with the anterior end of the second 
antorbital it narrows considerably and is fused with some strands of bone 
tissue to this bone. The lateral margin of the bone carries the teeth. 
“maxillary” which will be dealt with below, the “premaxillary” in 
ypterus has also been the subject of interpretations in various directions. 
According to ALLIs (1900), the tooth-bearing bones forming the upper jaw in 
Polypterus correspond in Amua to the premaxillary bone without its posterior 
process, the antorbital and the lateral part of the ethmoid (rostral). HOLMGREN 
STENSIO ( 1930) consider it to be built up by one premaxillary component 
and one sensory canal component and term the bone accordingly the pre- 


maxillary-antorbital. Another opinion is launched by WeEsTOLL (1936). He 
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refers to Moy-THomas (1934) who had emphasised that the teeth of bony 
fish were formed separately from the bones which afterwards bear them. Teeth 
might also be “attached to a lateral-line bone developed in the near neigh 
bourhood without the formation of separate tooth-bearing rudiments”. WesToul 
concludes that the toothbearing lateral line bones in Polypterus for instance 
“can easily be interpreted in this way without any compound names for which 
there is no embryological evidence”. 

The results of the study of the skull of the 24 mm Polypterus verify th 
opinion maintained by HOLMGREN--STENSIO and even by ALLIs: the “‘pre 
maxillary” is a complex bone formed by a tooth-bearing premaxillary con 
ponent, homologous to the premaxillary in Amia, and three separate canal bone 
components, homologous to the lateral part of the rostral and the entir 
antorbital bone in Amia 

There is no instance amongst recent fishes known to the author where the 
premaxillary is fused with canal bones. Yet in fossil groups, viz. Crosso 
pterygians and Palaeoniscids the “‘premaxillary” is often a complex bone. Un 
fortunately the rostral end of the skull is comparatively little known, at least 

far as the dermal bones and the course of the sensory canals are concerned, 
chiefly owing to the imperfect state of preservation of this part in a fossil 
fish. Judging from the information given by the palaeontological literature, 
especially the illustrations, there seems to be a complex rostro-premaxillary at 
least in Osteolepis, Eusthenopteron, Laugia and Macropoma amongst the Cros 
sopterygians, perhaps even in Megalichtys and Rhabdoderma. This bone 
termed the ‘“‘dentigerous rostral” by WESTOLL (1936), but consists of a rostral 
fused to the premaxillary. In Polypterus the median rostral is a typical canal 
bone without teeth whereas the lateral rostral and the antorbitals are fused 
with the premaxillary. 

Similar conditions exist in most of the palaeozoic Palaeoniscids as far as 
studies of the literature will disclose, and even in Triassic forms (Oaygnathus 
and Boreosomus for instance). Amongst the forms where the structure of the 
dermal skeleton of the snout is known, only Cheirolepis is an exception, as 
WatTson’s reconstruction shows a free rostral bone (WATSON IQ25). Yet 
WESTOLL (1937) has expressed some doubts as to the correctness of WATSON’s 
interpretation of this fish. It seems probable that also the structure of the snout 
in Cheirolepis might follow the same scheme as the rest of the primitive 
Palaeoniscids. It seems that in the primitive forms at least the premaxillary 
should be fused with rostral elements as well as with the antorbital. In Birgeria 
(STENSIO 1932), with reservation because of the imperfect condition of the 
snout, there may possibly be a free antorbital with the typical dorsal branch of 
the canal and the premaxillary should be fused only with antorbital elements. 

Lacrimal. In the 24 mm specimen this bone is developed as a typical canal 


bone and lodges the fifth infraorbital neuromast (fig. 16). It is entirely free 
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from the “maxillary” and so is still the case in the 101 mm specimen. According 
to HOLMGREN—STENSIO it 1s fused in the caudal end to the ‘‘maxillary” in a 
30 mm specimen of Polypterus lapradei. In Polypterus senegalus, anyhow, the 
bone seems to remain an independent element in the infraorbital row of bones. 
in -1mia the lacrimal lodges the neuromasts Nos. 7 and 8, but develops from 
single blastema. 
ifra-(sub-)orbitals. In Polypterus there are two infraorbitals (fig. 16). 
first of them lodges the sixth infraorbital sense organ. In the 24 mm speci- 
men it has the shape of a bone cylinder like the lacrimal. However, it is situated 
quite near to the maxillary, and aggregations of cells between the lamelliform 
branching processes of the maxillary indicate the beginning fusion with this 
bone. It is still an independent bone in the 24 mm specimen. 


Caudally to the infraorbital No. 1 the canal is not yet formed and has still 


the shape of a shallow gutter, at the bottom of which the neuromast No. 7 is 


situated. Nevertheless a bone is already formed but as no canal is formed it 
has the shape of a rounded disk bent to the shape of a gutter (fig. 16). Caudally 
to the sense organ this bone is separated from the maxillary only by means of 
a stratum of cells. 
Already in the next stage, the 27 mm specimen, the infraorbital I is fused 
the maxillary in its whole length. Also the infraorbital II is fused to the 
although so far only partially. 
1m specimen the so-called maxillary of the adult still consists of 
several distinct parts, two free infraorbital canal bones and the maxillary sensu 
strictu. This latter element of the future complex bone consists of an anterior 
portion which bears teeth and of a posterior toothless portion. The anterior 
portion has the shape of a comparatively broad, triangular, flat bone. One side 


of the triangle is directed rostrad (fig. 28). The medial margin of this 
iangular part is to a great extent covered from below by the dermo-palatine. 
th are placed along the lateral edge of the triangle. The most caudal teeth 
situated under the anterior half of the eye. The toothless part of the 
lary stretches caudad under the posterior half of the eye and beyond the 

in a caudal direction. This posterior half of the bone has a different shape 
trom the tooth-bearing part (fig. 16). While the anterior end is a comparatively 
broad, horizontal plate, the bone tapers caudad into an almost cylindrical rod, 
he medio-ventral side of which the most caudal teeth are situated. These 

fly in a medio-ventral direction and are not visible in profile, 

least. Behind the most posterior teeth the maxillary acquires 

almost perpendicular lamella situated in the maxillary fold. 

f this lamella is thicker than the rest and bent mediad, thus 

liad open gutter. The rostral prolongation of the preoper 

This preopercular prolongation reaches rostrad under 


ye. Here the maxillary bends dorsad and tapers 
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gradually into a fine 
needle-like — structure 
which, however, con- 
tinues rather far in a 
dorso-caudal direction. 
The “maxillary” in 
Polypterus is thus like 
the premaxillary a com- 
pound bone. The tooth- 
bearing part is devel- 
oped as a normal max- 
lary in fish in prin- 
ciple. Only the long 
caudal prolongation is 
Fig. 21. Lepidotus semiserratus. Skull in lateral view (from 
unparalleled in recent Ho_mcren—Srensi6). Ant antorbital; Ausph autosphenotic ; 
Dsph dermosphenotic; Ext extrascapular; Fr frontal; Ifo: 
Ifoz infraorbital bones; Jop interopercular; Md mandible; 
ical significance of this Mx maxillary; Na nasal (-postrostral); Op opercular; Pa 
parietal; Pmxr premaxillary; Pop preopercular; FR rostral; 
St.it supratemporo-intertemporal; na nostril. 


fishes. The morpholog- 


formation will be dealt 
with below. In addition 
to the maxillary proper the complex bone is formed by two canal components 
which correspond to the two suborbitals in Amia. The maxillary” should thus 
be termed a maxillary-infraorbital. 

NIELSEN has described a similar complex maxillary in Glaucolepis (fig. 27), 
called maxillo-infraorbital (1936) or lacrimo-maxillary (1942). 

The development of the “maxillary” in Polypterus reminds one in a striking 
way not only of the “‘premaxillary” in this fish but also of the “dentary”’ in 
Actinopterygians. These three bones are complex bones, built up of a com- 
ponent formed independently from the sensory canal. This is in sensu strictu 
the maxillary, the premaxillary and the dentary, all three tooth-bearing bones. 


These bones fuse later with sensory canal components, in the case of the pre- 


maxillary and the maxillary from the infraorbital line, and in the case of the 


dentary from the mandibular line (PEHRSON 1940 and 1944, cf. 
this paper). 

Not even in the 24 mm specimen is there any indication of an independent 
origin of the posterior process of the maxillary. Yet, the thought cannot be 
entirely dismissed that this portion of the bone might be the homologue of a 
supramaxillary. A supramaxillary is found in Aspidorhynchiformes and in 
Amiformes as Lepidotus (fig. 21), Sinamia and Amuia. In Amia it develops 
comparatively late (PEHRSON 1940) in the caudal part of the maxillary fold. 
in Polypterus the anterior portion of the maxillary is situated in a fold, the 


homology of which with the maxillary fold is at least disputable (ALLIS 1900). 
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ther hand the portion of the posterior half of the maxillary, which is 
7 1s enclosed in a fold or lip which lies posterior to the 
labial cartilage is enclosed. The position of this part of the 


‘ast, corresponds more to the position of the supramaxillary 


lso the so-called maxillary in Polypterus has been the subject of varied 

rpretations. ALLIS (1900) suggests that the so-called maxillary bones in 

yus probably are the homologues of tie dermopalatines in Amua and 

HOLMGREN—STENSIO on the other hand consider this bone to be a 

like the premaxillary. The anterior component should be tooth 

ing and correspond to a real maxillary. Caudad it should continue to join 

rally the second component, a canal bone. The canal bone should be fused 

naxillary component in a narrow isthmus only. As the last teeth of the 

bearing portion of the bone belong to the canal bone component, the 
iuthors suggest a prolongation still more caudad of the maxillary portion. 

discussion of the morphological significance of the maxillary in 

attention has to be drawn to the so-called quadrato-jugal. From the 

the maxillary in the 24 mm specimen turns dorsad and leaves the 

it 1s continued caudoventrad by a thin membrane (fig. 16). 

is well delimitated from the surrounding connective tissue but 

s thinness, difficult to describe as bone. It is separated from tht 

very narrow fissure. The caudal portion of the lamella which 

the anterior portion of the musculus adductor mandibulae gets thin 

and changes imperceptibly into connective tissue. 
brane remains in the same state during the nearest following stages 


the 101 mm specimen it has changed into a real bone. This bone, in older 


represented by two (HOLMGREN—STENSIO), is the bone termed ‘‘y”’ 


The bone in the 101 mm specimen corresponds to the anterior 


bones represented in fig. 298 in HOLMGREN—STENSIO. Caudally to 
presence of a thick and well marked sheet of connective tissue 


r formation of he post rior of the two bones. In Hol MGRI 


both bones are called quadrato-jugal (although with a question 
1d considered as related to the sensory canal bones because of the 
(the primary mandible pit line 
\2|; the quadrato-jugal pit line [JARvIK 1947]). As pointed 


presence in this part of 


however, is situated in the skin over the 
he two bones in question and probably has nothing to do with the 
the anterior of the two bones. According to JARVIK, this bone 
‘ior independent part of the maxillary. It 1s possible that 
will be developed 
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NEW INTERPRETATIONS OF THE SKULL IN POLYPTERUS 
hat the maxillary in Polypterus is much reduced as is the case in the Coela 
inthids. Now one result of the investigation that has led to this paper is that 
the maxillary in Polypterus far from being an insignificant part of a complex 
bone, is on the contrary, a very substantial portion of the bone in question. 
The maxillary is missing as a rule in the Coelacanthids described so far. Only 
in Wimania StTENSIG (1921) has found a bone which is termed maxillary in 
the representation of the head but which is called only a “supposed maxillary” 
n the text. The maxillary in the Coelacanthids was probably only represented 
as in Latimeria by small tooth-bearing plates. 

In the larval Polyplerus, the maxillary is on the contrary a well developed 
bone forming not only a typical, large horizontal, tooth-bearing portion but 
also an elongated caudal process, possibly the homologue of a supramaxillary 
(p. 435). In the adult it broadens considerably and forms (with the fused 
infraorbitals) not only the ventral delimitation of the orbit but also a part of 
the covering of the cheek. Besides, it continues still further caudad under the 
large cheek-plate formed by the preopercular (ALLIS 1922). This part of the 
problem will be dealt with further in connection with the ontogeny of the 
preopercular (p. 445). 

If comparisons with fossil fishes are to be drawn there is another group to 
which attention should be paid, the Palaconisciformes. As is known, all the 
palaeozoic and little specialised members of is group possess a well devel 


oped maxillary, the anterior portion of which has the shape of a horizontal 


Posterior to the eve the maxillary continues as a vertical, broad lamella 


plate. 


which stretches very far caudad. Often even the caudal end of the maxillary 
has a postero-ventrally directed portion, as in the families belonging to the 
suborder Palaeoniscoidei (BERG 1940). There are strong teeth along the whol 


margin of both the horizontal and the vertical portion 


( fig 27). 


The Osteolepid maxillary is not so strongly developed. This concerns the 
anterior, horizontal portion as well as the posterior vertical. The vertical 
portion gets narrower at its posterior end, where the quadrato-jugal is inter 
posed between the maxillary and the preopercular. In the Palaeonisciformes th 
maxillary continues without getting narrower till 1t reaches the preopercular. 

It may be suggested that the so-called anterior quadrato-jugal in Polypterus 
corresponds to the caudo-ventral end of the maxillary in the Palaeonisciformes 
This part may have acquired independence perhaps in connection with the loss 
of the caudal row of teeth. 

As to the second so-called quadrato-jugal in Polypterus, it 1s formed near 
the quadrato-jugal (or primary mandibular) pit-line. The bone develops 
ontogenetically in a sheet of connective tissue as does the anterior of the two 
bones. In a 101 mm specimen where this second bone is still missing there is 


in the place of the future bone the same formation of connective tissue as ther 
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is In young specimens of Polypterus where the anterior bone is going to 
deve lop. 

An independent quadrato-jugal exists in Crossopterygians but has long been 
considered missing in Palaeonisciform fishes. Yet, already Watson (1925) 
suggested the possibility of the existence in Cheirolepis of a quadrato-jugal. 
Later NIELSEN (1936) has shown that there is a quadrato-jugal bone anterior 
to the anterior edge of the lower part of the preopercular in Glaucole pis. It is 
partly covered by the maxillary and only a small part shows from the outside 
of the cheek (fig. 27). As the anterior part which is overlapped by the 
maxillary only consists of a thin lamella, NIELSEN is inclined to believe in an 
incipient reduction of the bone, due to the backward growth of the maxillary. 
NIELSEN has found a pit-line on the uncovered part of the bone in some 


specimens of Glaucole pis 


This pit-line is considered by NIELSEN (and other authors) to be the ver 


tical pit-line of the cheek. In Polypterus this line is situated on the preopercular 
and in close connection with the horizontal pit-line of the cheek. It seems likely 
that the so-called quadrato-jugal pit-line and the vertical pit-line in Polypterus 
both different portions of the same line, an opinion also suggested by 
\RVIK (1947) although he includes the ‘‘secondary mandibular line” as well. 
the vertical pit-line in Palaconisciformes is homologuous to the 
‘tical pit-line in Polypterus or part of it, and the quadrato-jugal in 
is (and other Palaconisciformes) is the homologue of the second 
lrato-jugal” in Polypterus 

The single postorbital in Polypterus is developed as a cylindrical 
in th mm specimen and lodges canal organ No. 8. There is 

f interest to add concerning the bone at later stages. 
rmosphenotic. In the 24 mm specimen this bone is developed as a normal 
like canal bone lodging the infraorbital neuromast No. 9. Already in the 
specimen it begins to fuse with a perichondral ossification on the lateral 
j inalis, the future “‘sphenotic”’. The neuromast is inner 
a special nerve, branching off from the root of the 


I 


N—STENSIO (1936) the dermosphenotic in the adult 

sphenotic as a superficial covering of this bone. 

‘complex bone the postfronto-sphenotic. 

ral and parietal. In the nm specimen the intertem 
poro-supratemporal is ] formed (figs. 16 and 17). The anterior, intertem 
poral portion consists of a well 


developed cylindrical bone formed round the 

innervated by the ramus oticus. The bone 
‘nished with a comparatively broad medial lamella. The lamella 
id - bone is narrower. On the level of the pore 


supratemporal portions of the bone the 
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lateral lamella has a deep incision which divides the bone into a long inter- 
temporal portion and a shorter supratemporal. There is no incision corres 
ponding to the lateral one on the medial lamella. The lateral lamella of the 
supratemporal portion is not so well developed as that of the intertemporal. 
The supratemporal part of the bone is in other respects developed like the inter- 
temporal. The bone tube lodges the canal organ innervated by the nervus 
glossopharyngeus. 

The intertemporal and the supratemporal portions on the right side are still 
separated by a narrow fissure which divides not only the lateral lamella but 
also the medial lamella as well as the cylindrical part. The conditions on this 
side prove that the bone is formed in two portions, each one in connection with 
the corresponding neuromast. This is in agreement with the principle, pointed 
out before that each separate canal bone in Polypterus is formed in connection 
with the only one single neuromast, or rather that one canal bone is developed 
in connection with each neuromast. 

On a level with the pore between the inter- and the supratemporals two pit 
lines are developed, the middle and the posterior lines of pits of the head. As 
the figure (17) shows the middle pit line is situated on the median lamella of 
the bone on the right side and just where the intertemporal and the supra 
temporal elements meet on the left side. This pit line consists of two sense 
organs on each side. The posterior pit line has only one sense organ on the 
left side and two on the right. In connection with the posterior pit line there 
is a thin bone-like membrane developed on each side (figs. 17 and 24). This a 
vestigial parietal primordium. Rostrad it does not reach much further than the 
supratemporal and caudad it stretches as far back as the future supratemporal 
canal commissure which is still undeveloped and marked only by one sense 
organ on each side. The two primordia do not get in contact with the supra 
temporo-intertemporals nor do they meet on the mid line. 

In the 27 mm specimen which, as has been pointed out before, is consider- 
ably more advanced than the slight difference in length might indicate the two 
components of the intertemporo-supratemporal have fused to one single bone 
plate where nothing indicates the double origin. The lateral and medial lamellas 
are still more developed, especially the medial supratemporal lamella, which has 
grown so far mediad that it has even pushed its edge partly under the posterior 
pit line (figs. 22 and 25). A remarkable fact is that the insignificant prim 
ordium of the parietal, already developed in the 24 mm specimen, still exists 
but has not grown. While the intertemporo-supratemporal has grown consider 


ably, partly because of its own rapid development, partly in connection with th 


general growth of the fish, the parietal primordium has kept the same size 


(as shown by measurement, cf. figs. 17 and 22) and position. It is apparently 


situated nearer the midline than in the next older stage because of the general 


growth of the head. Between the medial margin of the supratemporal and the 
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supratemporal 


yf the inter 


temporal, as w the pratemporal part 


have progressed still further medi (fig. 26), 


i but, there is st r left of the parietal 


primordium, which is smaller not only relatively) 
but absolutely, 1 in the previous stage. In th 


ao 


37 mm specimen (fig. 23) there is not much left 


of the original fontanella between the intertem 

poro-supratemporals either. The intertemporal 

portions leave only a small cleft between them, 

ind the supratemporal portions almost meet on the 
id line. 

Irom the description given al it is clear that 

he young larva 

‘us but soon disappears. lurthermor 
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Fig. 24. Polypterus senegalus, 24 mm. Cross-section at the level w in fig. 17, showing a 
middle head pit line sense organ and parietal primordium. Microphotogr. 


1 


supratemporals meet and later fuse. It is possible, however, that in a still 
younger specimen than the 24 mm at hand, where the intertemporals and the 
supratemporals are not yet developed, the parietal primordium has stretched 
still further laterad. Pit lines may then have had the position where a large 
parietal has developed in the ancestors of Polypterus. 

‘rom the point of view of homologizing bones in adult forms, where the 
ontogeny is not known or cannot be known as is the case with fossils, the value 
of the pit lines as arguments in a discussion on homologies is considerably 
reduced, however. 

This bone is called the parieto-dermopterotic by ALLIs (1922), who considers 
it to include only the dermal component of the squamosal of the Teleostei 
Notwithstanding the fact that the dermal component of the ‘“‘squamosal” in the 
Teleosts may correspond only to the intertemporal portion of the bone (PEHR 
son 1944a), ALLIs’s surmise is quite adequate. On the other hand ALLts 
considers in a later work (1935) that the bone he called dermopterotic in Pol) 
pterus has fused with the parietal to form the bone he called the parieto 
dermopterotic. 


The bone is supposed to be a complex structure by HOLMGREN—STENSIO 


(1936), formed by the intertemporo-supratemporal and a parietal component, 


the latter being indicated by the presence of the middle pit line. 
E-xtrascapulars. The development of these bones offers nothing 

particular interest. The two lateral extrascapulars are formed in the 

specimen as a small shield-like bone not much larger than the overlying 


romast (fig. 22). In the 29 mm specimen it has attained cylindrical shape. 


to the two medial extrascapulars, there is no indication of them in the 
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nm specim« n they are formed in the shape of bone tubes 

bone lodges one neuromast. 
\LLIs (1922), the author considers these four bones as the 
alents of the whole of the single extrascapular in Amia (PEHRSON 1940). 
fish the supratemporal commissure lodges six neuromasts altogether, 
ide, but Amia has generally a higher number of neuromasts 
‘he intertemporal in Amuia, for instance, has two neuromasts, 


1 
} 


1¢ complex intertemporo-supratemporal in Amuia is formed 


by two separate primordia to which becomes added one supratemporal prim 


rdium which lodges only one neuromast. In Polypterus there is only one 


‘ach part of the complex bone, yet, there is no reason to compare 


mporal primordium in Polypterus with only half the intertemporal 
primordium in Amia. 


ALLIs terms the bones in the supratemporal commissure in Polypterus, as 


the single bone in Amia, supratemporals and then includes the bone formed 

round the portion of the main lateral canal situated immediately caudally to the 

point where the supratemporal canal joins the main canal. This bone is called 

‘ascapular in the terminology used by the present author. The first 

this bone is visible in the 29 mm specimen. No canal is formed 

far, but the invagination is just beginning and the future canal has still the 

shape of a groove. Under this groove the first primordium is formed as a small 
a shallow gutter. 

most canal bones are concerned in Polypterus, there has not been 

an opportunity of studying the first primordia, the blastemas which are the 


forerunners of bone. The suprascapular is an exception. It is interesting to 
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26. Polypterus senegalus, 29 mm. Cross-section at the same level as in figs. 24 and 25 
Microphotogr 


state that this bone is obviously derived from binary primordia, as is the case 
with all canal bones in Amia except the bones in the infraorbital line. 

In a 32 mm specimen the invagination of the sensory canal is completed but 
the bone is still gutter-like. In the next stage available, a 37 mm specimen, even 
the bone has formed a cylinder. 

Posterior to the extrascapulars is another bone which forms comparatively 
early as it already exists in the 24 mm specimen (fig. 17). ALLIs calls it the 
posttemporal. It is formed without any connection with the sensory canal. It 
does not correspond, at least judging from the ontogeny, to the canal bone 
formed in connection with the neuromasts in the canal posterior to the supra 
scapular in Amia or other Ganoids, the supracleithral. On the other hand the 
position corresponds to the place of that bones. As in Polyodon (PEHRSON 
1944) where it is a canal bone, but has a large vertical lamella, this bone as 
well consists of a narrow horizontal portion and a comparatively big vertical 


lamella. 


The mandible in the adult Polypterus consists of five dermal elements of 
which two, the dentary and the angular, are complex bones. 


The dentary-splenial in the 24 mm specimen is already a well developed tooth 


bearing bone which covers a little more than the anterior half of the Meckelian 


cartilage on the outside (fig. 16). The anterior end of the mandibular sensory 
canal with the first neuromast is situated on the ventral side of the mandible. 
The canal runs along the whole length of the mandible except the most anterior 
end. It lodges altogether 5 neuromasts. The anterior end of the canal with the 
first neuromast is surrounded by a typical cylindrical canal bone. This bone, 


45 


: 


TORSTEN PEHRSON 


it this entirely free from the dentary. 
sensory canal which lodges the neuromasts 


bone, but the splenials are here fused 


anterior end of the canal belonging to neuromast No. 2, 


The complex dentary is thus 
described concerning the maxillary and 


| bones has started at the post 


lopment of the cana 
yrogressed rostrad. The splenials No. 2 and 3, which 
have formed as independent canal bones hke No. 1, 
dentary to form the complex dental-splenial 
ial as well has fused with th 

has assumed 


complex bone forme: 
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(1944). In Lepidosteus (THAMMARBER 
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which covers 
In the 
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e splienial Don No. Ss he 
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Ciltal). he VOTIE tnus 
VOS. 1, 2 anG 4%. 
The development of the complex 
uthor in Amia (1940) and in Es 
1927 as described two independe 4 7 
re shaped like slender rods of bone HMM are fused to the dentary already in 
‘; 1 18.7 mm specimen. In Polypterus the first splenial, att least, has assumed the 
< ) i typical canal bone betore 11 lose “Bh independence. It nol possible 
iscover if that is the case with regard to the two posterior splenials until 
still younger specimens have been available for examination. In any case, thi 
xistence of a free cylindrical splenial is to be considered as a primitive feature 
Vp us Where pienial take tne OTI2Z1IN a DINATY 
scales, the primordia are attached to the dentary from the beginning. The sam 
s the case in Esox where the primordia, however, are still nore ——i 
\s ntioned above there is another complex bone in the mandible, the 
mgular-splenial. In the 24 mm specimen two splenials lodging the canal organs 
Nos. 4 and are already attached to the angular component, whi (Hi 
the definite shape in the adult (fig. 16). In Amia the angular splenials, a 
le st the posterior ents fori independenth It seems probable that the 
splenial components in Polypterus have developed as independent bones and 
subsequently fused with the angular 
\ s (1922) te s the dental-splenial only dental, an ie angularsplen 
the dermarticular. HOLMGRI STENSIO (1936) use the terms dental-splenial 
ingula 
st of th ial side of the mandible. This bone 1s the preart 
terminol of H GREN—STENSIO. In the 24 mm specimen the HP 1s 
lrea ly . large structure tooth-bearing and possessing a well cde veloped “core 
noid” process fig [Ob In the angle between the anterior ends ot the denta 
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there is a small tooth-bearing bone on each side. This bone corresponds to 
coronoid No, 1 in Amia which has the same position and is tooth-bearing. In 
Amia a series of not less than four coronoids is developed. In a 37 mm speci 
men of Polypterus a second coronoid is developed immediately behind the first. 
\t this stage there is still a small gap between the second coronoid and the 
next bone in the row, the so-called prearticular. In a 101 mm specimen this 
gap is closed because of the enlargement caudad of the second coronoid and 
rostrad of the “‘prearticular”. The medial side of the mandible is thus covered 
by a row of three tooth-bearing bones, as is the medial side of the mandible in 
nua, the only differences being that there are four comparatively small bones 
of almost equal size in Amia, but two small ones and one very large in 
Polypterus. The two rows of bones are obviously homologous, and the 
called prearticular is a third coronoid. 


L{OLMGREN—STENSIO mention two small tooth-bearing bones in Polypterus, 


situated in the angle of the mandible and suggest: “Diese Knochen sind wohl 


als Koronoidea zu bezeichnen.” 

The mandible of Polypterus thus consists of two chondral ossifications, th 
mento-mandibular and the articular and five dermal bones, on the outside the 
lental-splenial and the angular-splenial, on the inside of a 
coronoids (the most caudal being called the prearticular). 

The preopercular sensory canal in Polypterus lodges only three neuromasts. 
The state of development of the preopercular canal in young larvae is described 
m p. 413 in this paper. 

In a 24 mm specimen the dorsal portion of the preopercular bone is devel 
oped (fig. 16). It may be said to consist in its turn of two portions, one dorsal 
and one ventral. Yet, the author wants to make clear that there is nothing that 
indicates that these two parts have formed independently of eac 


ventral portion is a typical canal bone enclosing the preopercular neurot 


> 


Nos. 2 and 3 (in the preoperculo-mandibular line Nos. 7 and 8). It has the 


shape of a rather flattened bone tube surrounding the canal. The dorsal end of 
the bone is developed into a lamella which forms the anterior portion of the 
preoperculum. It projects in a rostro-ventral direction as far as the level of the 


posterior portion of the eye. Che proximal part of the lamella is comparatively 


and broad, but rostrally it tapers and grows more solid at the same 
here is nothing that indicates that it is anything but a process fron 
preopercular, at least not at the 24 mm stage and onward. The narrow ventro 
rostral projection broadens in later stages and changes successively into the 
broad, solid cheek plate SO typical of P 


There is still another preopercular elet 


ibove (p. 413) the mandibular canal in connection with the 
neuromast of the three preopercular sense organs has not yt 


ventral sense organ is still situated in the surface of the skin 


1 
tirst ventral ) 
t formed. This 
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nvagination of the canal beginning. The neuromast only differs because 
its size from a pit line organ. Yet, bone has begun to form in connection 

this organ. It is a small, irregular disc of osseous substance, still very thin 
yrmed in several small pieces. Because of its small size, the irregular shape 
the position longitudinal to the sectioning direction, it is very difficult to 


ent the exact shape in a figure. It seems, however, from the blastematic 
the blastema at least 1s divided into one rostral lump of cells 
fig. 16). This indicates a binary arrangement of the prim 
In the next stage, the 27 mm specimen, the bone prim 
ned a tube, still independent, but in the 29 mm stage it is 
the rest of the preopercular. 
is a binary arrangement of the blastema of the ventral preopercular 
a similar mode of development of the dorsal elements of the pre- 
as well, is probable. Further the binary origin of the suprascapular 
tema (p. 442) seems to indicate that this may be the case even in other parts 
the sensory canal system, except in the infraorbital line, where there are no 
iry primordia in Amia either. On the other hand there is no binary origin 
the first nasal to be found (p. 426) in Polypterus 
rom the development of the ventral portion of the preopercular, as well as 
the observations on the canal elements of the maxillary, the premaxillary, 
splenials and other canal bones, it seems probable that the development of 
preopercular in Polypterus takes place in the following way. 
he oldest portion of the preopercular is formed in connection with the 
neuromast. Bone has been formed there in the same way as is seen 
concerning the ventral neuromast in the 24 mm specimen. This dorsal canal 
bone sends out a process in a rostral direction. The bone in connection with 
the middle neuromast is also formed comparatively early, yet, later than the 
dorsal portion. This dorsal portion fuses gradually with the middle portion and 
in the meantime its rostral process continues growing rostro-ventrad. At the 
24 mm stage the bone described above is formed and the rostro-ventral process 
has had the opportunity of reaching the furthermost point it will reach in 
the adult. 
Larval stages of Polypterus have added no material to the theory of an 
independently formed ‘“‘squamosal” element. 
The same opinion is also maintained by HOLMGREN—STENSIO (1936) where 


short summary of the various opinions concerning the supposed homologies 


of the preopercular is to be read (p. 395—396). Recently JARvIk (1947) has 


adopted the “‘squamosal” theory but has added no new arguments to the 
discussion. 

‘rom the exposition above, founded on the examination of ontogenetical 
evidence it does not seem possible in the author’s opinion to maintain the 


theory of a closer relationship between the Crossopterygians and Polypterus. 
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Fig. 27. Glaucolepis stensioi, Trias (from NIELSEN 1942). Ang angular; Aop antoperculum ; 
Cl cleithrum; Cla clavicle; De.spl dentalo-splenial; Dhy dermohyal; Et. lateral extra 
scapular; Ext.m medial extrascapular; Ju jugal; La.mx lacrimo-maxillary; Mg median 
gular plate; Pcl postcleithral; Po postorbital; P.spic postspiracular bone; Ptr postrostral ; 
Quj quadratojugal; R.ant rostro-antorbital; Rbr branchiostegal ray; Sbo suborbital; Sc/ 
supracleithral; So.dsph supraorbito-dermosphenotic; So.po supraorbito-postorbital; Sop 
suboperculum; Sscap suprascapular; ap anterior pit-line; hp horizontal pit-line of the 
cheek; tfc infraorbital canal; mdc mandibular canal; mp middle pit-line; a1, naz anterior 
and posterior nostrils; poc preopercular canal; pp posterior pit-line; s.com supratemporal 
commissure; soc supraorbital canal. Other letters as in fig. 21. 


The evidence from the study of the development of other dermal bones than 
the “maxillary” points in the same direction. 

If any connections with fossil fishes are going to be established the 
Palaeoniscids, as pointed out earlier in this paper, offer more profitable 
material for comparisons. Of special interest are the Palaeoniscids sensu strictu 
where a long maxillary is combined with a long preopercular as for instance in 
Cheirolepis, Palaeoniscus and other chiefly Palaeozoic types (cf. also fig. 27). 
In these forms a comparatively long cheek region is covered by the two bones 
together as in the case in Polypterus. The long rostral process of the preoper- 
cular may partly correspond to the rostral portion of the long preopercular in 
the Palaeoniscids mentioned, partly be an anterior process from this bone. The 
anterior portion of the preopercular in the Palaeoniscids would then be homo 
logue of the proximal portion of the preopercular process in Polypterus, in the 
same way as the dorsal process from the second antorbital in Polypterus may 


be the homologue of the same process in Amia, Sinamia and Lepidosteus, that 
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°% fof--enp In th Ly pteru. 
100; f ageous. Ihe same reason also 
m ittempt at homologising the 
the maxillary with a supramaxillary. 
y) J ‘ The existence in the Polypterus larvae otf a 
separate ventral preopercular primordium recalls 
prp, the conditions in Bbrachyvdegmus DUNKLI 1939) 
ats from the lower Permian of Texas. In this fish 
/ 
the preopercular lacks the rostral cheek-plate, 124 
1 +1 nail 
but, on the other hand, there is a separate smal 
Fy ventral preopercular, highly suggestive of th 
conditions in the 24 mm Polypterus 
The vomer in the 24 mm specimen 1s an ex 
; tremely small ossification in the dense connective 
VE 
tissue between the anterior 
2b ) ( palatines. It is even too small (==! 
2-4 mi rma I tiie 1 1 1 4 
for teeth. Not until the 32 mm stage, 
tted areas, canal bones. Sma omer attained the size of a toothbear Hic. 
It carries two medial teeth. At later Z=_=_ 
e medial tooth develops and also lateral teeth appear. In the oldest ____m 
Bed | bterus bichir, there are three medial teeth with a row of three 
mi. omer is described by HOLMGREN—STENSIO (1936, p. 397) It is ; 
14 1 14 1 1 1: 
ry insignificant bone even in the adult and has been overlooked earliet 
\ccording to H STENSIO the primordium is binary in the 30 
sta In Ateru negalus that is not the case. however 
[he remaining dermal bones in the roof of the mouth, the dermopalatine, 
ex } rv ire already developed in the 24 mm sj] len (11g 
28). J lermopalatine is well supplied with teeth along the whole ventral 
urface, as is also the anterior end of the ectopterygoid. The entopterygoid 
Ss tO ha ( TO! late r an | CaTT1es only w tee th. 
Che apterygoid (fig. 28) is, according to HOoLMGREN—STENSIO, an 
1 ] ] 4 aa 4 +1 It aes 
ossification in the palato-quadrate. This does not appear to be the case. It arises 
1S tv1 11 dermal bone and covers, in the 24 mm stage, the entire media 
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surface of the palato-quadrate. NIELSEN (1942 ) describes the same bone 
Glaucolepis as a dermometapterygoid. It is found, as well, in various 
Palaeoniscids (Watsonichthys, Saurichthys, Birgeria, Elonichthys, Nemato 
ptychius, Gonatodus) and, as expressed by NIELSEN, the presence of an in 
dependent dermometapterygoid is a character common to many early Ganoids 
and, thus, a primitive character in Polypterus 

The parasphenoid in the 24 mm specimen (fig. 28) has largely acquired its 
definite shape (cf. HOLMGREN—STENSIO 1936). Only a few teeth are devel 
oped so far. The most anterior tooth is situated on the anterior tip of the bone, 
and there 1s no trace of the tooth-bearing ‘‘pad” mentioned by ALLIs (1922). 
This ‘“‘pad” begins to form in the 27 mm specimen in this way. A system of 
lamellae develops from the dorsal surface of the originally formed bone lamella, 
some distance caudad. The new lamellae spread laterad and eventually form the 
definite lateral margin of the growing parasphenoid in this portion while th 
original, tooth-bearing part of the bone remains raised over the ventral surface. 

According to ALLIS, who only had the opportunity of studying adult speci 
mens, the ‘‘pad” has developed in relation to the teeth 1t bears—which 1s correc 

and the dermal bone so formed has fused with an underlying bone 
distinctly different, membrane origin’’—a surmise which is not correct 
the ‘‘underlying bone” is formed as lamelliform processes from the toot 


bearing part. 


SUMMARY. 


development of the chondral ossifications in Polypterus is described. 


the ontogeny a small prootic is traced at early stages. 


supra- and infra-pharyngobranchials develop as in Ama and Li 
The hyomandibular and accessory hyomandibular resemble these bones in 
Palaeoniscids. 
The pattern of the Sensory canal system in the snout of Polypterus is devel 
oped in principle as in the Holosteans 
\n attempt is made to interpret the pattern of the sensory canal syste 
onisciformes 


‘ canal bones form as bone-tubes fron ich flanges develop me 


laterad, the bone, thus, gradually changing into a flat bone pierced by 


the material has not allowed the study of the blastematic pri 


except in the suprascapular where bi 


binary primordia form. 
The frontal develops as three separate elements which fuse. 
The rostral in Polypterus is homologous with the 


rostrai 1n 11a 
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The row of infraorbital canal bones posterior to the rostral comprises a 
lateral rostral, homologous with the lateral portions of the rostral in Ama, 
two antorbitals, together homologous with the single antorbital in Ama, a 
lacrimal, two infra- (sub-) orbitals and a postorbital. 

A normal tooth-bearing premaxillary develops, but, during the ontogeny it 
fuses with three infraorbital bones, the lateral rostral and the two antorbitals 
to form a compound premaxillary-infraorbital. 

The maxillary develops as a normal, tooth-bearing maxillary. In early stages 
it consists of an anterior flat, triangular tooth-bearing portion and a long, 
narrow, caudal process, the posterior part of which joins a similar rod-like 

process from the preopercular without fusing with it. The maxillary 
fuses with the two infra- (sub-) orbitals to form a compound maxillary-infra- 
orbital. The rod-like caudal process of the maxillary is possibly the homologue 
of a supramaxillary. 

The anterior of the two ‘‘quadrato-jugals may be the homologue of the 
postero-ventral portion of the Palaeoniscid maxillary and the posterior to the 
quadrato-jugal found in some Palaeoniscids. 

\ separate dermosphenotic develops, but, fuses early with the auto-sphenotic. 

Separate intertemporals and supratemporals develop, but, fuse to form the 


supratemporo-intertemporal which covers the space occupied during the early 


ontogeny by a transitory parietal primordium. 


parietal is missing in the adult Polypterus, and develops as an insigni 
primordium which never forms definite bone, the space covered by the 
‘ietal primordium being overgrown by the medial edge of the supratemporo 
rt mporal. 
dentary-splenial is a compound bone formed by the dentary sensu strictu 
iree tube-like splenials, of which the first is still free in a 24 mm specimen. 
angular-splenial is formed in the same way by an angular and two 
ls 
ee coronoid bones develop on the medial side of the mandible. The third 
argest coronoid is the so-called prearticular. 
24 mm specimen, the preopercular still consists of two pieces. One is 
dorsal portion formed in connection with two neuromasts. It 1s a broad 


id has the rostral process, typical of Polypterus, which 
cheek together with the caudal maxillary process. The 
the preopercular is just beginning to form in the youngest 
preoperculum and maxillary in Polypterus are 
in Palaeoniscids. 
‘and the metapterygoid is de 
in Palaeoniscids. 
pterus, the author entirely agrees with 


and a primitive one.’ 
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AS to the pnviogene 
ROMER (1946): “Polypterus is a good Actinopterygian, (i 
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It shows relationship, as far as the skull is concerned, with Palaeoniscids as 
well as with Holosteans, but, is not more related to the Crossopterygians than 


the other primitive Actinopterygians. 
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epiphyseal cartilage. 
epibranchial. 
lateral extrascapular. 
‘scp medial extrascapular. 
foramen hypophyseos. 
fpo foramen for nn profundus et oculomo- 
torius. 
frontal. 
first frontal. 


/r. + second and third frontal fused 


gg glossopharyngeal ganglion. 

gpl gular pit line 

gs gill slit. 

hm hyomandibular. 

hmpl horizontal mandibular pit-line 
hpl; anterior portion of horizontal cheek 
line of pits. 

cheek 


hpl, posterior portion of horizontal 


line of pits. 


108 infraorbital neuromast | 


first infraorbital bone 


toby 
toby second infraorbital bone 


ioc infraorbital sensory canal 


iph infra-pharyngobranchial 
it intertemporal. 

ifo intertemporal sense organ 
la lacrimal 


lc labial cartilage 


lr lateral rostral 


mo,—mo; mandibular neuromasts | 


mpl middle head line of pits 


mplo organ in middle head line 


sens 
pits 


mx maxillary, sensu strictu 


nerve 
na nasal 


na, first nasal (“os terminale’’) 


a second nasal (“accessory nasal 
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nag; third nasal. 

nupl nasal line of pits 

nuplo sense organ in nasal line of pits 
oc occipital ossification. 

op opisthotic, 

pa parietal. 

pbml primary mandibular line of pits 
pmx premaxillary, sensu strictu. 

pn posterior nostril. 

po postorbital. 

por 
ppl posterior head line of pits. 


pos preopercular neuromasts 


pra prearticular. 

pro prootic rudiment. 
prpr dorsal portion of preoperculat 
ventral portion of preoperculat 
psp prasphenoid 

pt “posttemporal” 

q quadrate, 

quadrato-jugal 

rc rostral commissurt 

ro rostral. 

SCO supratemporal commissure neuromasts 
so supraorbital sensory canal 

S01 —S06 supraorbital neuromasts 1—6 
splenials I—5 

be sphenotic 

spd sphenoid 

spi spiracle 

ssco suprascapular neuromast 

st supratemporal 

fo supratemporal sense orga! 


su-it supratemporo-intertemporal 


uph suprapharyngobranchial 
vy vagus ganglion 
vmpl vertical mandibular lin 


bl vertical line of pits 


3 
ot pits 
‘ 


